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Foreword 


The  National  Standard  Reference  Data  System  is  a government-wide  effort  to  give  to  the 
technical  community  of  the  United  States  optimum  access  to  the  quantitative  data  of  physical 
science,  critically  evaluated  and  compiled  for  convenience.  This  program  was  established  in 
1963  by  the  President’s  Office  of  Science  and  Technology,  acting  upon  the  recommendation  of  the 
Federal  Council  for  Science  and  Technology.  The  National  Bureau  of  Standards  has  been  as- 
signed responsibility  for  administering  the  effort.  The  general  objective  of  the  System  is  to 
coordinate  and  integrate  existing  data  evaluation  and  compilation  activities  into  a systematic,  com- 
prehensive program,  supplementing  and  expanding  technical  coverage  when  necessary,  establish- 
ing and  maintaining  standards  for  the  output  of  the  participating  groups,  and  providing  mecha- 
nisms for  the  dissemination  of  the  output  as  required. 

The  NSRDS  is  conducted  as  a decentralized  operation  of  nation-wide  scope  with  central  co- 
ordination by  NBS.  It  comprises  a complex  of  data  centers  and  other  activities,  carried  on  in 
government  agencies,  academic  institutions,  and  nongovernmental  laboratories.  The  independent 
operational  status  of  existing  critical  data  projects  is  maintained  and  encouraged.  Data  centers 
that  are  components  of  the  NSRDS  produce  compilations  of  critically  evaluated  data,  critical  re- 
views of  the  state  of  quantitative  knowledge  in  specialized  areas,  and  computations  of  useful 
functions  derived  from  standard  reference  data. 

For  operational  purposes,  NSRDS  compilation  activities  are  organized  into  seven  categories 
as  listed  beiow.  The  data  publications  of  the  NSRDS,  which  may  consist  of  monographs,  loose- 
leaf  sheets,  computer  tapes,  or  any  other  useful  product,  will  be  classified  as  belonging  to  one 
or  another  of  these  categories.  An  additional  “General”  category  of  NSRDS  publications  will 
include  reports  on  detailed  classification  schemes,  lists  of  compilations  considered  to  be  Standard 
Reference  Data,  status  reports,  and  similar  material.  Thus,  NSRDS  publications  will  appear  in 
the  following  eight  categories: 


Category 

1 

2 

3 

4 

5 

6 

7 

8 


T itle 

General 

Nuclear  Properties 

Atomic  and  Molecular  Properties 

Solid  State  Properties 

Thermodynamic  and  Transport  Properties 
Chemical  Kinetics 
Colloid  and  Surface  Properties 
Mechanical  Properties  of  Materials 


The  Present  compilation  is  in  category  3 of  the  above  list.  It  constitutes  the  14th  publication 
in  the  new  NBS  series  known  as  the  National  Standard  Reference  Data  Series. 


A.  V.  Astin, 

Director. 
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Preface 

The  publication  philosophy  of  the  National  Standard  Reference  Data  System  recog- 
nizes that  data  compilations  will  be  most  useful  if  all  available  channels  of  publishing 
and  disseminating  the  information  are  employed.  Selection  of  a specific  channel — Govern- 
ment Printing  Office,  a scientific  journal,  or  a commercial  publishing  house — is  deter- 
mined by  the  circumstances  for  the  individual  document  concerned.  The  goal  is  to  reach 
all  of  the  appropriate  audience  most  readily  at  minimum  expense. 

The  two  compilations  which  follow  were  first  published  in  “Reviews  of  Modern 
Physics.”  The  authors  and  the  editors  felt  that  journal  would  reach  the  intended  readers, 
and  the  Office  of  Standard  Reference  Data  agreed.  However,  all  concerned  underesti- 
mated the  demand  for  reprints,  and  the  supply  was  exhausted  soon  after  publication. 

With  the  generous  permission  of  the  editors  of  “Reviews  of  Modern  Physics,”  and 
the  approval  of  the  authors,  the  Office  of  Standard  Reference  Data  has  undertaken  to 
reprint  the  articles  as  a part  of  the  National  Standard  Reference  Data  System — National 
Bureau  of  Standards  series. 
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Inconsistencies  in  accepted  values  (in  x units)  of  x-ray  reference  lines  have  recently  been  demonstrated,  although  all 
are  supposedly  based  on  “good”  calcite  crystals.  Factors  supporting  the  selection  of  the  W Ka\  line  as  the  X-Ray  Wave- 
length Standard  are  critically  discussed.  A review  is  given  of  the  experimental  measurements  which  are  used  to  establish  the 
wavelength  of  this  line  on  an  absolute  angstrom  basis.  Its  value  is  X W Kai  = (0.2090100±5  ppm)  A.  This  may  be  used  to 
define  a new  unit,  denoted  by  A* *,  such  that  the  W Kai  wavelength  is  exactly  0.2090100  A*;  hence  1 A*  = lA±5  ppm.  The 
wavelengths  of  the  Ag  Kai,  Mo  Ken,  Cu  Kai,  and  the  Cr  Ken  have  been  established  as  secondary  standards  with  probable 
error  of  approximately  one  part  per  million.  Sixty-one  additional  x-ray  lines  have  been  used  as  reference  values  in  a com- 
prehensive review  and  reevaluation  of  more  than  2700  emission  and  absorption  wavelengths.  The  recommended  wavelength 
values  are  listed  in  A * units  together  with  probable  errors;  corresponding  energies  are  given  in  keV.  A second  table  lists 
the  wavelengths  in  numerical  order,  and  likewise  includes  their  energies  in  keV. 
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INTRODUCTION 

The  higher  energy  emission  and  absorption  x-ray 
wavelengths  provide  energy  reference  standards  for 
nuclear  /3-  and  7-ray  spectroscopy.  Crystallographic 
dimensions  are  usually  measured  with  the  Mo  Kai, 
Cu  Ka\,  and  other  longer  x-ray  wavelengths.  Accurate 
relative  values  of  the  occupied  atomic  energy  levels 
have  been  calculated1  by  the  use  of  all  the  emission 
x-ray  wavelengths  of  an  element,  and  the  absolute 
scale  can  be  derived  from  the  wavelength  of  the 
absorption  edge,  or  more  accurately  from  x-ray  emis- 
sion wavelengths,  and  electron  energy  measurements 
from  photoionization  experiments.2 

Wavelength  values  for  more  than  twenty-seven 
hundred  x-ray  emission  lines  and  absorption  edges 
have  been  measured  and  remeasured  over  the  last 
fifty  years.  Reviewers  have  published  many  critical 
surveys,  listing  recommended  values  for  x-ray  wave- 

1  J.  A.  Bearden  and  A.  F.  Burr,  Rev.  Mod.  Phys.  39,  125  (1967), 
following  article. 

* S.  Hagstrom,  C.  Nordling,  and  K.  Siegbahn,  Alpha-,  Beta  , 
Gamma-ray  Spectroscopy,  Kai  Siegbahn,  Ed.  (North-Holland 
Publishing  Co.,  Amsterdam,  1965),  Vol.  1,  p.  845. 


lengths.  The  best  known  reviews  are  those  of  Siegbahn,3 
Cauchois  and  Hulubei,4 *  and  Sandstrom.6 

A very  serious  discrepancy  exists  in  each  of  these 
tabulations  (and  all  others) : The  shorter  and  longer 
wavelengths  are  not  on  the  same  relative  energy  scale. 
In  general  wavelengths  less  than  1.0  A are  consistent 
with  a Mo  Ka\= 707.831  xu  scale,  and  those  of  longer 
wavelength  with  a Cu  Kai  = 1537.400  xu  scale.  Recent 
higher  precision  measurements6  of  the  Mo  Aai  and 
Cu  Kai  wavelengths,  with  carefully  selected  diffraction 
crystals  of  various  materials  shows  that  the  above 
values  are  in  disagreement  by  almost  20  parts  per 
million  (ppm)  or  approximately  twenty  times  the 
previous  estimates7  of  the  probable  error.  If  we  assume 
the  xu  defined  by  the  first-order  grating  constant 
of  calcite  (di  = 3029.04  xu)  the  new  measurements  are 
consistent  with  a Cu  Kai  value  of  1537.400  xu.  The 
cause  of  the  apparent  errors  in  the  Mo  Kai  and  other 
short  wavelengths  is  still  unknown. 

In  addition  to  the  above  discrepancy  in  the  relative 
values  of  the  wavelengths,  the  xu,8  which  was  intended 
to  be  10~3  A,  differs  from  this  absolute  scale  by  more 
than  200  ppm.  Early  measurements  of  x-ray  wave- 
lengths were  made  with  NaCl  crystals  whose  grating 
constant  d — 2.814  A was  calculated9  from  the  crystal 
geometry,  molecular  weight,  density,  and  Avogadro’s 
number.  The  latter  was  evaluated  from  the  Faraday 
and  the  oil-drop  value  of  the  electronic  charge  which 
was  in  error  by  more  than  600  ppm.  Siegbahn8  noted 
the  superiority  of  calcite  crystals  to  NaCl  for  spectro- 

3 M.  Siegbahn,  Spektroskopie  der  Rofllgenslrahlen  (Julius 
Springer- Verlag,  Berlin,  1931),  2nd  ed. 

4 Y.  Cauchois  and  H.  Hulubei,  Longueurs  d'onde  des  Emissions 
X ct  des  Discontinuity  d’ Absorption  X (Hermann  et  Cie.,  Paris. 

1947). 

6  A.  E.  Sandstrom,  Handbuch  der  Physik,  S.  Fliigge,  Ed. 
(Springer-Verlag,  Berlin,  1957),  Vol.  30,  p.  164. 

6 J.  A.  Bearden,  A.  Henins,  J.  G.  Marzolf,  W.  C.  Sauder,  and 
J.  S.  Thomsen,  Phys.  Rev.  135,  899  (1964). 

7 See  Ref.  5,  p.  161. 

8 M.  Siegbahn  and  A.  Leide,  Phil.  Mag.  38,  647  (1919);  M. 
Siegbahn,  Arkiv  Mat.  Astron.  Fys.  14,  Nr.  9 (1920). 

9 H.  G.  S.  Moseley,  Phil.  Mag.  26,  1024  (1913). 
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scopic  measurements,  and  therefore  determined  the 
ratio  of  their  grating  constants.  He  assumed  d\  — 
2814.00  xu  for  NaCl  and  obtained  for  calcite  di  — 
3029.04  xu,  which  has  been  the  accepted  definition10 
of  the  xu.  Thus  the  wavelength  values  in  all  previous 
tables  are  neither  self-consistent  nor  are  on  an  absolute 
A scale. 

In  practice  most  x-ray  wavelengths  have  been 
measured  relative  to  convenient  lines  whose  values  had 
been  established  on  an  x-unit  scale  by  other  experi- 
menters. Beginning  in  1960,  work  in  the  x-ray  labora- 
tory of  The  Johns  Hopkins  University  was  undertaken 
on  a precise  remeasurement  of  the  most  used  reference 
lines  relative  to  a selected  primary  standard* 11  wave- 
length, and  also  on  new  measurements  to  establish 
the  selected  primary  x-ray  wavelength  standard  on 
an  absolute  Angstrom  scale.  A further  part  of  the 
work  was  to  make  a critical  review  of  all  x-ray  wave- 
length papers  and  recalculate  the  published  values  on  a 
single  absolute  scale  with  explicitly  estimated  probable 
errors  for  all  adopted  wavelength  values.  In  the  com- 
plete report12  on  that  work,  original  published  values 
are  listed,  changes  due  to  reevaluation  of  reference 
lines,  and  weighting  with  respect  to  other  values  is 
indicated  and  recommended  wavelength  values  ob- 
tained. Since  most  of  the  review  and  analysis  on  the 
shorter  wavelengths  had  been  completed  on  a Mo  Ka i = 
707.831  xu  reference  scale  before  the  discrepancy 
between  the  Mo  Ka i and  Cu  Kai  wavelengths  was 
realized,  the  working  data  in  the  appendices  of  the 
above  report12  was  continued  on  a Mo  Kai  = 707.83 
or  its  equivalent  W Kai  = 208.5770  xu  scale.  The  final 
recommended  wavelength  values  of  that  report  were 
readjusted  to  a W Ka\  = 0.2090100  A*  scale.  These 
are  the  values  (except  for  minor  corrected  errors  and 
a few  new  wavelengths)  listed  in  the  present  review. 

A PRIMARY  X-RAY  WAVELENGTH  STANDARD 

Inadequacy  of  the  Calcite  xu  Standard 

The  x unit  of  length  introduced  by  Siegbahn8  con- 
tains one  serious  flaw:  it  assumes  that  every  good 
calcite  crystal  has  the  same  grating  constant.  This  was 
recognized  as  a possible  limitation  by  Siegbahn8  in 
1919  and  has  been  under  intermittent  criticism  ever 
since.  Double-crystal13  spectrometer  measurements  in 
1930  indicated  a variation  of  6 ppm  between  different 
samples  of  the  best  crystals  then  available.  A more 
recent  investigation14  on  a wider  selection  of  clear  so- 
called  “perfect”  calcites  gave  a variation  of  approxi- 
mately 20  ppm.  A good  calcite  used  by  Merrill  and 

10  M.  Siegbahn,  Nature  151,  502  (1943),  and  Ref.  3,  pp.  42-47. 

11  J.  A.  Bearden,  Phys.  Rev.  137,  455  (1965). 

12  J.  A.  Bearden,  X-Ray  Wavelengths,  NYO-10586  (Fed.  Sci. 
and  Tech.  Inf.,  U.S.  Dept,  of  Commerce,  Springfield,  Va.,  1964). 

13  J.  A.  Bearden,  Phys.  Rev.  38,  2089  (1931). 

14  J.  A.  Bearden,  Phys.  Rev.  137,  181  (1964). 


DuMond15  gave  a value  of  the  Mo  Ka\  25  ppm  greater 
than  the  accepted  value  of  707.831  xu  reported  by 
Sandstrom 7 

This  flaw  has  been  particularly  criticized  by 
DuMond,16  who  suggested  that  an  emission  line  or 
lines  would  form  a much  better  basis  for  defining  a 
unit  of  length  than  a species  of  crystal.  He  suggested 
the  use  of  the  Mo  Ka\  line  or,  alternatively,  an  average 
of  five  x-ray  wavelengths.  Bergvall17  also  voiced  a 
similar  opinion  and  stated  that  the  Mo  Ka\  line  had 
indeed  become  the  working  standard  at  Upsala.  How- 
ever, recent  measurements6  have  shown  that  their 
adopted  value  for  the  Mo  Kai  = 707.831  xu  is  in 
serious  disagreement  with  the  calcite  di  = 3029.04  xu 
definition  and  also  as  noted  above  with  the  xu  value 
of  Cu  Ka\=  1537.400.  Thus  we  have  two  xu  standards 
and  a third,  the  Angstrom  used  in  crystallography. 
Any  attempt  to  redefine  the  xu  for  use  as  a primary 
standard  would  certainly  lead  to  further  confusion  in 
the  x-ray  wavelength  and  crystallographic  literature. 

CONSIDERATIONS  IN  THE  SELECTION  OF  A 
WAVELENGTH  STANDARD 

In  principle  any  x-ray  line  could  be  chosen  and 
assigned  an  arbitrary  value;  for  example,  Cu  Ka\  = 
1.000000  Cu  unit.  Then  in  every  calculation  of  the 
properties  of  matter  involving  knowledge  of  atomic 
dimensions,  a conversion  factor  would  be  required. 
Since  the  vast  majority  of  such  calculations  do  not 
attain  an  accuracy  better  than  10  ppm,  this  procedure 
appears  to  be  unnecessary,  provided,  however,  an 
absolute  wavelength  standard  can  be  defined  whose 
wavelength  in  centimeters  or  Angstroms  is  known 
within  a few  ppm.  Of  course,  for  the  most  precise 
calculations,  e.g.,  atomic  constants,  a conversion  factor 
differing  from  unity  by  a few  ppm  will  be  required, 
and  this  factor  will  change  slightly  as  the  accuracy  of 
absolute  x-ray  wavelength  measurements  is  increased. 

Wavelength  Defined  by  Peak  Intensity  of  Line 

X-ray  spectra  are  recorded  by  photographic,  counter, 
and  ionization  techniques.  It  would  appear  that  the 
asymmetry  of  a line  would  influence  the  measurement 
of  its  wavelengths  by  these  different  techniques.  How- 
ever, this  was  not  observed  in  the  measurements18 
made  on  the  X-series  elements  from  titanium  to  ger- 
manium. Increased  precision  in  the  measuring  tech- 
niques may  make  such  effects  observable,  and  hence 
only  highly  symmetrical  fines  have  been  considered 
for  a wavelength  standard. 

16  J.  J.  Merrill  and  J.  W.  M.  DuMond,  Phys.  Rev.  110,  84 
(1958). 

18  J.  W.  M.  DuMond,  Proc.  Natl.  Acad.  Sci.  (U.S.)  45,  1052 
(1959) . „ 

17  P.  Bergvall,  O.  Hornfeldt,  and  C.  Nordling,  Arkiv  Fysik  17, 
113  (1960). 

18  J.  A.  Bearden  and  C.  H.  Shaw,  Phys.  Rev.  48,  18  (1935), 
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For  a symmetrical  line,  it  is  immaterial  whether  the 
wavelength  is  defined  by  the  peak  (obtained  by  divi- 
sion of  chords19)  or  the  mean,  i.e.,  centroid.  In  general 
the  peak  position  has  been  accepted  as  the  wavelength 
criterion  for  both  symmetrical  and  asymmetrical  lines, 
and  has  been  so  employed  in  all  measurements  in  the 
Johns  Hopkins  x-ray  laboratory.  In  the  designation  of  a 
wavelength  standard  the  peak  of  the  line  has  been 
recommended  as  the  most  precise  indicator  of  its 
wavelength.  It  should  be  noted  that  the  use  of  a 
symmetrical  line  as  a standard  does  not  eliminate  all 
problems  involving  different  methods  of  measurement; 
a great  many  lines  are  themselves  asymmetric  or  have 
been  measured  in  terms  of  asymmetric  lines. 

Selection  of  a Wavelength  Region 

In  selecting  the  wavelength  to  be  used  as  a stand- 
ard, primary  consideration  should  be  given  to  the  re- 
searches which  require  the  highest  precision  and  are 
most  affected  by  errors  arising  in  making  the  relative 
measurements.  The  energy  scale  for  the  highly  import- 
ant j3-  and  7-ray  spectrum  is  very  dependent20  on 
the  use  of  short  x-ray  wavelengths.  The  most  precise 
7-ray  measurements  have  been  those  of  Knowles,21 
who  has  measured  the  ratio  of  the  third-order  positron 
annihilation  radiation  to  the  first  order  of  a 7 ray  of 
Ta182,  and  then  compared  the  third  order  of  this  radia- 
tion relative  to  the  W Kai  line.  In  this  work  the  angles 
were  measured  to  the  order  of  0.01  sec,  indicating  the 
precision  that  can  be  attained  in  the  measurement  of 
narrow,  symmetrical  lines  where  the  diffraction  angle 
is  only  of  the  order  of  a few  degrees.  Another  recent 
problem22  which  required  high  accuracy  in  the  short- 
wavelength  region  was  the  location  of  the  lead  absorp- 
tion edge  for  use  in  the  ^i-meson  mass  determination. 
In  x-ray  spectroscopy,  shorter  wavelengths  have 
frequently  been  used  as  reference  wavelengths23  for 
the  measurement  of  weak  spectral  lines. 

It  should  be  emphasized  that  the  designation  of  a 
particular  wavelength  as  the  x-ray  standard  does  not 
imply  that  all  crystals  and  spectrometers  must  be 
calibrated  by  direct  comparison  to  this  wavelength. 
Convenient  secondary  standards 6 with  probable  errors 
of  the  order  of  1 ppm  are  available  which  are  adequate 
for  general  use.  The  designated  primary  wavelength 
will  be  of  most  value  in  the  highly  precise  researches 
whose  objective  is  the  establishment  of  new  or  better 
secondary  standards. 

19  J.  A.  Bearden,  Phys.  Rev.  43,  94  (1933). 

20  J-  W.  M.  DuMond,  Ann.  Phys.  (N.Y.)  2,  283  (1957); 
E.  L.  Chupp,  A.  F Clark,  T.  W.  M.  DuMond,  F.  J.  Gordon,  and 
II.  Mark,  Phys.  Rev.  107,  745  (1957). 

a J.  W.  Knowles,  Can.  J.  Phys.  40,  237  (1962).  International 
Conference  on  Nuclear  Physics  with  Reactor  Neutrons  (AEC) 
ANL-6797.  F.  E.  Throw,  Ed.,  p.  165. 

22  A.  J.  Bearden,  Phys.  Rev.  Letters  4,  240  (1960). 

23  E.  lngelstam,  Nova  Acta  Reg.  Soc.  Sci.,  Upsala  10,  Nr.  5 
(1937). 


Width  and  Symmetry  Effects 

The  width  of  a line  ( E/AE ) is  of  prime  importance 
in  the  precision  with  which  its  wavelength  can  be 
measured.  Gamma-ray  sources,  with  narrow  symmetri- 
cal lines  (10~6-10~10  eV),  would  make  ideal  standards  if 
they  could  be  produced  at  an  intrinsic  intensity  com- 
parable to  that  available  from  x-ray  tubes.  The  width 
of  an  x-ray  line  (in  wavelength  units)  is  approximately 
proportional  to  its  wavelength.  In  recent  7-ray21  and 
x-ray6  measurements,  the  centers  of  the  observed 
symmetrical  line  profiles  were  located  to  within  0.001 
of  the  observed  width  (not,  of  course  the  natural 
width  of  the  7-ray  line) . Thus  in  principle  the  peak  of  a 
narrow  [e.g.,  W Ka  1 in  (2,  +5)  is  30  sec]  short-wave- 
length line  can  be  located  with  a higher  precision  than 
its  angular  position  can  be  read  on  the  divided  circle. 
The  error  in  the  reading  of  the  divided  circle  (approxi- 
mately 0.1  sec)  is  constant  and  hence  its  error  in  ppm 
decreases  with  increased  Bragg  angle  (the  precision  of 
the  interferometer  angle  measuring  method24  is  1 ppm 
for  angles  from  3°  to  30°).  Disregarding  other  con- 
siderations, this  would  suggest  that  the  long-wave- 
length symmetrical  lines  (e.g.,  Cr  Ka<P)  would  be 
measured  more  accurately  with  a divided  circle  than 
the  short  wavelengths.  However,  this  advantage  is 
offset  by  errors  in  large  corrections  due  to  index  of 
refraction  and  anomalous  dispersion,25  the  effect  of 
surface  treatment  on  the  index  of  refraction  correction,26 
single-crystal  diffraction  pattern  asymmetry,27  geo- 
metrical imperfection  of  crystals,28  and  the  very 
important  shift  in  wavelength  due  to  the  chemical 
state  of  the  x-ray  tube  anode.  These  conclusions  are 
completely  substantiated6  in  the  precision  evaluation 
of  the  wavelength  ratio  of  five  x-ray  lines,  W Kai, 
Ag  Kah  Mo  Kah  Cu  Ka  1,  and  Cr  Ka 2,  with  five 
selected  crystals.  A least-squares  analysis  of  the  meas- 
urements showed  that  each  of  the  wavelengths  had 
been  measured  with  a probable  error  of  approximately 
1 ppm. 

Source  Requirements 

The  x-ray  wavelength  should  be  independent  of 
chemical  and  isotope  effects  in  the  source.  The  Kai 
lines  of  the  elements  of  high  atomic  number  are  much 
less  affected  by  chemical  combination  than  those  of 
low  Z.  Rogosa  and  Schwarz29  were  unable  to  observe 
any  shift  in  the  wavelength  peak  of  the  Mo  Kai  for 
separated  isotopes  of  Mo92,  Mo95,  and  Mo100  greater 
than  10  ppm.  Shortly  afterwards  Wertheim  and  Igo30 

24  J.  G.  Marzolf,  Rev.  Sci.  Instr.  35,  1212  (1964). 

25  See  Ref.  5,  p.  143. 

26  J.  A.  Bearden,  Bull.  Am.  Phys.  Soc.  7,  339  (1962). 

27  M.  Renninger,  Acta  Cryst.  13,  1067  (1960);  J.  G.  Marzolf, 
S.  J.,  Bull.  Am.  Phys.  Soc.  8,  313  (1963);  also  thesis,  Dept,  of 
Physics,  The  Johns  Hopkins  University,  1963. 

29  J.  A.  Bearden  and  A.  Henins,  Rev.  Sci.  Instr.  36,  334  (1965). 

29  G.  L.  Rogosa  and  G.  Schwarz,  Phys.  Rev.  92,  1434  (1953). 

30  M,  S.  Wertheim  and  G.  Igo,  Phys.  Rev.  98,  1 (1955). 
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Table  I.  Fe67  Mossbauer  wavelength  in  A*  and  keV  units  measured  with  calcite  and  quartz  crystals. 


Date 

Crystals 

Order 

d (A*  25°C) 

Wavelength  A* 

keV 

12/26/63 

Calcite  A , B 

d,±l) 

3.035528 

0.860239 

14.41239 

2/24/64 

Calcite  A,  B 

(2,  ±2) 

3.035835 

0.860241 

14.41235 

2/26/64 

Calcite  A , B 

(2,  ±2) 

3.035835 

0.860238 

14.41240 

8/7/64 

Quartz  Va,  Fu 

(1,±1) 

3.336009 

0.860223 

14. 41254 

8/11/64 

Quartz  Va,  Vu 

(2,  ±2) 

3.336412 

0.860227 

14.41259 

Average 

0.860234 

14.41247 

tsudied  the  problem  and  showed  from  theory  that  the 
expected  shift  for  Mo  Kay  was  of  the  order  of  5 ppm, 
about  half  the  minimum  value  detectible  by  Rogosa 
and  Schwarz.  The  shift  for  W Kay  should  be  sub- 
stantially greater.  However,  as  long  as  “natural  abun- 
dances” of  the  W or  Mo  isotopes  remain  constant 
within  1%,  either  line  should  furnish  a satisfactory 
standard. 

A high-activity  concentrated  7-ray  source  of  dimen- 
sions comparable  to  an  x-ray  focal  spot  yields  inten- 
sities of  the  order  of  104  smaller  than  that  emitted  by 
an  x-ray  tube.  The  use  of  a 200-mCi  Fe57  Mossbauer 
source  as  a wavelength  standard  has  been  evaluated31 
by  measurement  of  the  wavelength  of  the  14.4-keV  Fe57 
7 ray  with  calcite  and  quartz  crystals  in  the  (1,  ±1) 
and  (2,  ±2)  orders.  The  area  of  the  source  was  ap- 
proximately 10  mm  X 10  mm,  positioned  such  that  its 
projected  area  was  approximately  2 mm  X 10  mm.  The 
adjustment  of  the  spectrometer  on  the  low-intensity 
7-ray  line  was  much  more  difficult  than  in  the  case 
of  an  intense  x-ray  line.  The  recorded  intensities  at 
peaks  ranged  from  approximately  0.1  counts  sec-1  to 
approximately  0.6  counts  sec-1,  requiring  the  utmost 
precaution  to  reduce  the  background  to  less  than  0.01 
counts  sec-1.  Two  independent  alignments  of  the  spec- 
trometer crystals  and  7-ray  source  were  made.  The 
results  in  the  (1,  ±1)  and  (2,  ±2)  with  each  crystal 
were  in  excellent  agreement,  but  the  results  with  the 
two  crystals  differed  by  approximately  20  ppm.  Be- 
tween the  two  sets  of  measurements,  which  were 
several  months  apart,  the  spectrometer,  crystals,  and 
source  were  completely  realigned.  The  results  are 
listed  in  Table  I.  Because  of  the  large  difference  in 
the  two  sets  of  measurements,  no  probable  errors  are 
calculated. 

From  the  experience  with  these  measurements,  it 
could  be  seen  that  the  source  strength  would  have  to 
be  increased  by  at  least  a factor  of  ten  or  one  hundred 
to  make  a 7-ray  standard  experimentally  feasible. 
Imperfections  present  in  most  crystals  would  also 
require  that  the  source  dimensions  be  even  smaller 
than  those  used.  These  experimental  considerations 

31  J.  A.  Bearden,  Bull.  Am.  Phys.  Soc.  9,  387  (1964). 


eliminate,  at  least  for  the  present,  the  use  of  a 7-ray 
wavelength  standard. 

Crystal  Considerations 

The  index  of  refraction  correction  for  all  crystals 
used  in  the  first  diffraction  order  (most  used  in  previous 
wavelength  measurements)  is  of  the  order  of  160  ppm. 
Very  few  refraction  measurements  have  been  made 
which  are  of  sufficient  accuracy  to  be  the  basis  for  pre- 
cise correction  of  wavelengths  in  low  orders.  Theories32 
are  available  for  calculating  the  index  of  refraction, 
but  each  leads  to  a significantly  different  value. 
Anomalous  dispersion  effects25  may  introduce  errors 
of  the  order  of  20  to  30  ppm  in  the  regions  of  crystal 
absorption  edges.  In  establishing  a primary  standard 
or  relating  secondary  standards  to  it,  refraction  effects 
seriously  limit  the  use  of  crystals  of  high  atomic 
number  and  also  wavelengths  greater  than  one  or  two 
angstroms. 

The  index  of  refraction  correction  is  reduced  by  the 
square  of  the  order  of  diffraction.33  W Kay  can  be  easily 
recorded  in  the  5th  to  7th  orders  with  calcite  or  silicon 
crystals;  the  refraction  correction  is  thus  reduced  to 
3 to  6 ppm.  An  error  of  10%  in  the  measured  value 
of  the  index  then  introduces  an  error  in  the  wavelength 
of  less  than  one  ppm.  The  short  wavelength  of  the 
W Kay  permits  its  use  in  transmission,  and  by  proper 
cutting  of  the  crystal  with  respect  to  the  atomic  plane 
such  that  the  incident  and  diffracted  beams  make 
equal  angles  with  the  crystal  surfaces,  the  index  of 
refraction  effect  is  zero. 

Asymmetry  in  the  Darwin-Prins27  single-crystal 
rocking  curve  affects  the  measured  x-ray  wavelength 
to  a much  smaller  degree  than  the  index  of  refraction. 
Its  effect  is  wavelength-dependent  and  can  be  neg- 
lected for  low  atomic  weight  crystals  used  at  the 
shorter  (e.g.,  W Kay ) wavelengths. 

A more  serious  limitation  to  the  accuracy  of  x-ray 
wavelength  measurements  is  due  to  the  large  scale 

32  H.  Kallmann  and  H.  Mark,  Ann.  Physik  82,  585  (1927); 
J.  A.  Prins,  Z.  Physik  47,  479  (1928);  H.  Honl,  Z.  Physik  84, 
1 (1933);  J.  A.  Wheeler  and  J.  A.  Bearden,  Phys.  Rev.  46,  755 
(1934). 

33  Reference  5,  p.  138, 
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imperfection28  of  all  natural  and  most  synthetic  crystals. 
Large  single  crystals  approaching  geometrical  perfec- 
tion are  exceedingly  rare  and,  even  in  the  best  examples, 
sharply  bounded  volumes  occur  whose  planes  differ 
from  the  average  orientation  by  as  much  as  a second 
of  arc.  Since  all  wavelength  measurements,  except  those 
made  in  transmission,  require  a rotation  of  the  crystal 
by  (18O°±20),  failure  of  the  x-ray  beam  to  be  dif- 
fracted from  exactly  the  same  crystal  volume  in  both 
positions  may  introduce  an  appreciable  error  in  the  wave- 
length measurement.  Grinding  and  etching  a crystal 
surface  parallel  to  the  atomic  planes,  precise  alignment 
of  the  crystal  parallel  to  and  on  the  rotation  axis  of  the 
spectrometer,  and  the  use  of  a narrowly  defined  x-ray 
beam  minimize  this  error.  The  present  availability 
of  good  synthetic  crystals  of  silicon  alleviates  many 
of  these  difficulties. 

THE  W Ka ! WAVELENGTH  STANDARD 

A wavelength  standard  should  possess  characteristics 
which  permit  its  ready  redetermination  in  other 
laboratories  by  different  techniques.  Considering  all 
of  the  factors  involved  in  the  selection  of  a wavelength 
standard,  the  W Kai  line  is  superior  to  any  other 
x-ray  or  7-ray  wavelength.  Its  advantages  as  the 
x-ray  wavelength  standard  are: 

(1)  In  diffraction  measurements  with  W Kai  in 
transmission,  the  correction  for  index  of  refraction  n is 
negligible  (0  for  equal  incident  and  emergent  angles). 
The  anomalous  dispersion  correction  is  negligible  (less 
than  1 ppm)  at  this  wavelength  for  either  reflection 
or  transmission  in  crystals  of  low  atomic  number. 

(2)  The  W Kai  line  is  highly  symmetrical,  and 
any  wavelength  dependence  on  chemical  effects  or 
variations  in  the  natural  isotopic  abundance  of  tung- 
sten is  well  below  present  experimental  errors. 

(3)  The  measurement  of  the  diffraction  angle  for  the 
W Ka\  line  in  transmission  is  affected  by  crystal 
imperfections  and  asymmetries  in  the  single-crystal 
diffraction  patterns  considerably  less  than  for  lines 
of  longer  wavelengths. 

(4)  The  interferometer  method24  of  measuring  angles 
is  ideally  suited  to  the  transmission  method;  the  re- 
quirement of  a high-precision  divided  circle  is  un- 
necessary. 

(5)  The  short  wavelength  of  the  W Kax  can  be  used 
directly  to  calibrate  7-ray  lines  if  the  latter  are  taken 
in  high  orders.  Hence  nuclear  energy  level  systems 
can  be  calibrated. 

(6)  By  secondary  standards6  (already  determined) 
x-ray  wavelengths  and  parameters  of  individual  crystal 
samples  can  be  placed  on  a precise  scale  relative  to  the 
W Kai  with  probable  errors  of  approximately  1 ppm. 

The  W Kai  Wavelength 

In  order  to  complete  the  discussion  of  the  W Kai 
wavelength  standard,  use  will  be  made  of  the  result 


obtained  in  a following  section  on  the  ratio  of  the 
absolute  wavelength  of  the  Cu  Kaia2  (and  to  some 
extent  the  Cr  and  A1  Kaia?)  lines  to  their  xu  value  or 
A = Xe/Xj  = 1.002056 X10~3.  In  the  section  on  the  in- 
adequacy of  the  calcite  xu  standard,  it  was  pointed  out 
that  a value  of  Cu  Ka\=  1537.400  xu  was  consistent 
with  the  calcite  definition  di  = 3029.04  xu.  Hence  the 
absolute  wavelength  of  the  Cu  Kai  is 

Cu  Kai  ~ 1 .540562  A±5  ppm. 

The  precision  (five  crystals)  measurement6  of  the 
ratio  of  the  Cu  Kai  wavelength  to  the  W Kai  gave 
7.370757±1.2  ppm.  Dividing  the  Cu  Kai  wavelength 
by  this  factor  yields  the  wavelength  in  angstroms  of  the 
W Kai  line  or 

XW  Kai  = 0.2090100  A±5  ppm. 

This  numerical  value  of  the  wavelength  of  the  W Kai 
line  is  used  to  define  the  x-ray  wavelength  standard  by 
the  relation 

X(W  Kai)  =0.2090100  A*. 

This  is  a new  unit  of  length  which  may  differ  from 
the  angstrom  by  ±5  ppm  (probable  error),  but  as  a 
wavelength  standard  it  has  no  error.  In  order  to  clearly 
indicate  that  this  unit  is  not  exactly  an  angstrom,  it 
has  been  designated  A*11  and  has  been  used  for  all 
wavelength  values  appearing  in  this  review.  When 
higher  accuracy  is  attained  in  the  absolute  measurement 
of  the  W Kai  line,  a conversion  factor  slightly  different 
from  unity  will  then  be  required  for  the  extremely 
precise  calculations,  for  example  in  atomic  constants. 

SECONDARY  STANDARDS 

Secondary  standards  of  wavelength  are  desirable  to 
provide  suitable  reference  lines  for  various  portions 
of  the  x-ray  spectrum.  The  recent  study  by  Bearden 
el  al .6  was  designed  to  establish  a group  of  such  stand- 
ards to  the  highest  precision  presently  attainable. 
This  investigation  consisted  of  a long  series  of  high 
precision  measurements  using  a spectrometer  with  a 
graduated  circle  calibrated  by  means  of  an  angular 
interferometer.24  The  lines  studied  were:  Cr  Kai, 
Cu  Kah  Mo  Kah  Ag  Kah  and  W Kai.  Five  different 
crystals  (one  calcite,  two  quartz,  two  silicon)  were 
used,  some  in  all  wavelength  measurements,  giving  a 

Table  II.  Secondary  standards. 


Primary  standard  X W Kai  = 0. 2090100  A* 


X Ag  Kai  — (0.5594075±1. 1 or  5.2  ppm)  A* 
X Mo  Aai=  (0.709300 ±1.3  or  5.2  ppm)  A* 

X Cu  A'«i=(1.540562±1.3  or  5.2  ppm)  A* 

X Cr  Ka2  = (2 . 293606±  1 . 3 or  5 . 2 ppm)  A* 
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Table  III.  New  experimental  values  of  emission  lines  in  A*  units.  The  probable  error  is  that  of  the  last  digit.  The  cn  of  47  Ag 

is  a secondary  standard. 


44  Ru 

45  Rh 

46  Pd 

47  Ag 

48  Cd 

49  In 

50  Sn 

51  Sb 

<*2 

KLU 

0.647404±4 

0.617630±4 

0.589820±4 

0.563799±3 

0.539422±3 

0.516544±4 

0.495052  ±3 

0.474827±3 

<21 

KLui 

0.643083  ±4 

0.613278±4 

0. 585449±4 

0.5594075 

0.535001  ±3 

0.512112±4 

0T90599±3 

0.470358±3 

ft 

KMn 

0.573067±4 

0. 546200±4 

0.521123±4 

0.497685±4 

0.574728±7 

0.455185±4 

0.435871±5 

0.417737±4 

ft 

KMui 

0.572482±4 

0. 545605±4 

0. 520520±4 

0.497069±4 

0.574106±7 

0.454550±4 

0.435231±5 

0.417086±3 

ft 

KMiwy 

0.49306±2 

02 

KNu,ui 

0.53503±2 

0. 510228±4 

0.487032±4 

0.465319±7 

ft 

LnMiv 

4.62058±3 

4.37414±4 

4. 14622±5 

3. 93473  ±3 

3.73823±4 

3.55530±4 

3 . 2256/  zt4 

7i 

LnNiv 

3 . 52260±4 

3.16213±4 

2.85159±3 

<21 

LuiMv 

4.84575±3 

4.36767±5 

4. 15443±3 

3.95635±4 

3.77192±4 

3.59994±3 

3. 43940 ±4 

ft.  IB 

TmiViv.v 

3. 90887  ±4 

3.70335±3 

3.51408±4 

3.33838±3 

3.17505±3 

3.02335±3 

total  of  twenty  different  combinations,  each  one 
yielding  a value  of  \/d.  There  then  resulted  twenty 
equations  for  nine  unknown  quantities  (four  wave- 
lengths and  five  grating  constants).  This  system  of 
overdetermined  linear  equations  was  solved  by  a least- 
squares  adjustment  on  an  IBM  7094  computer. 

The  resulting  wavelength  values  are  given  in  Table 
II.  Two  probable  errors  in  ppm  are  given;  the  first  is 
relative  to  the  W Ka\  as  the  primary  standard , and  the 
second  takes  into  account  the  probable  error  of  ±5 
ppm  in  the  conversion  factor  A and  hence  is  the  prob- 
able error  of  the  wavelength  in  absolute  angstroms. 
These  probable  errors  are  borne  out  by  the  internal 
consistency  of  the  data  in  a x2  test. 

Additional  Reference  Standards 

It  was  pointed  out  in  the  Introduction  that  most 
x-ray  wavelengths  have  been  measured  relative  to  a 
few  conveniently  located  lines  whose  values  had  been 
determined  directly.  About  sixty  of  these  lines  have 
been  remeasured  in  order  to  be  able  to  reevaluate  the 
published  values  on  a consistent  wavelength  scale. 
These  new  values  are  the  basis  on  which  many  wave- 
lengths have  been  recomputed  and  hence  are  listed  for 
convenience  in  Table  III. 

The  instrumentation  and  method  of  measurement 
were  basically  the  same  as  in  the  determination  of 
reference  wavelengths.6  Naturally  less  time  and  effort 
were  devoted  to  each  individual  wavelength.  In  most 
cases  only  one  crystal  was  used  for  each  line  and  only 
one  or  two  “runs”  were  taken.  Each  run  consisted  of 
about  six  curves  taken  alternately  in  the  ( m-\-n ) and 
( m—n ) positions  of  the  double-crystal  spectrometer. 

The  A-series  measurements  were  carried  out  with 
the  same  calcite  crystal  used  in  the  previous  study6;  its 
grating  constant  was  known  to  about  1 ppm  from  the 
least-squares  computation.  In  the  T-series  work  a 
helium  atmosphere  was  used  to  minimize  absorption; 
physical  limitations  of  the  apparatus  then  dictated  the 
use  of  two  smaller  calcite  crystals.  These  were  cali- 


brated against  reference  wavelengths  and  grating  con- 
stants of  standard  crystals  determined  in  the  least- 
squares  evaluation.  The  resulting  grating  constants 
for  the  small  calcite  crystals  involved  probable  errors 
of  about  5 ppm. 

Probable  errors  of  the  measurements  in  the  K series 
were  determined  by  the  statistical  fluctuation  of  the 
data  and  by  the  average  systematic  error  associated 
with  a single  series  of  runs;  the  latter  was  estimated  as 
about  4 ppm.  In  most  cases  the  resulting  wavelength 
errors  ranged  from  6 to  8 ppm.  Errors  in  the  L-series 
determinations  were  slightly  greater,  due  to  higher 
statistical  fluctuations  and  less  accurately  known 
grating  constants.  For  the  most  part  probable  errors 
ranged  from  8 to  10  ppm. 

In  many  instances,  these  values  were  considered 
sufficiently  superior  to  all  previous  measurements  to 
be  adopted  without  change.  However,  there  were  also 
numerous  instances  in  which  these  results  were  aver- 
aged with  other  high-precision  data  to  obtain  a “rec- 
ommended” value. 

X-RAY  WAVELENGTH  CONVERSION  FACTOR 

A(X«A) 

Two  methods  have  been  used  for  determining  the 
x-ray  wavelength  conversion  factor:  (a)  the  absolute 
wavelengths  of  x-ray  lines  have  been  measured  with  a 
ruled  grating  and  divided  by  their  known  value  in 
x units;  and  (b)  it  has  also  been  determined  by  com- 
puting the  absolute  grating  constant  of  crystals  from 
their  density,  molecular  weight,  and  Avogadro’s 
number. 

Two  ruled-grating  measurements  have  been  made 
with  an  accuracy  sufficient  to  be  used  in  a precision 
evaluation  of  the  conversion  factor:  the  early  meas- 
urements34 on  the  a and  /?  lines  of  Cu  and  Cr,  and  the 
remeasureinent  of  the  A1  Ka  plates  of  Tyren  by  Edlen 
and  Svensson.35  The  value  of  the  A1  Ka  line  in  xu  was 


34  J.  A.  Bearden,  Phys.  Rev.  37,  1210  (1931J. 

35  B.  Edlen  and  L.  A.  Svensson,  Arkiv  Fysik  28,  427  (1965). 
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taken  from  the  work  of  Nordfors,36  who  used  the  L 
lines  of  Ag  as  references.  The  Ag  L series  was,  in  turn 
measured  by  Haglund37  with  respect  to  the  Cu  Ka\. 
The  resulting  values  of  A are  shown  in  Table  III. 

Unless  there  is  a serious  error  (greater  than  50  ppm) 
in  Avogadro’s  number  as  listed  in  a recent  analysis  of 
atomic  constants,38  the  measurement  of  crystal  proper- 
ties affords  the  most  accurate  method  of  evaluat- 
ing the  conversion  factor.  There  is  some  question  as 
to  the  constancy  of  isotopic  abundances  in  nature39 
which  needs  further  study.  Precision  density  and 
x-ray  measurements40  have  been  made  on  eighteen 
high-purity  silicon  crystals  obtained  from  various 
sources.  The  results  were  highly  consistent,  and  a 
careful  analysis  of  the  errors  in  atomic  weight,  isotopic 
abundance,  density,  and  Avogadro’s  number  gave  a 
final  probable  error  of  less  than  5 ppm.  In  another 
experiment41  nine  selected  calcite  crystals  were  used 
and  corrections  made  for  the  known  chemical  im- 
purities in  each  crystal.  The  results  were  in  excellent 
agreement  with  the  silicon  values,  giving  some  indica- 
tion that  the  isotopic  abundance  question  may  not  be 
serious.  Smakula  et  al ,42  have  measured  the  density 
of  seven  crystals,  Al,  CaF2,  Csl,  Ge,  T1C1,  TIBr,  and 
Si.  Powdered  samples  of  these  were  then  used  to 
measure  the  diffraction  angles  for  Cu  Ka \ x rays  and 
hence  to  determine  A.  Several  older  and  less  accurate 
measurements43  have  been  made  with  Mo  Ka\  radia- 
tion and  are  included  with  the  other  values  in  Table  IV. 

The  high-frequency  limit  of  the  continuous  x-ray 
spectrum  Ve  = hv  may  be  rewritten 

A = (h/e)c2/V\,  A-kxu-1, 

where  A is  the  conversion  factor,  h/e  the  ratio  of 
Planck’s  constant  to  the  electronic  charge,  c the 
velocity  of  light,  V the  x-ray  tube  voltage,  and  Xs  the 
wavelength  of  the  limit  in  xu.  FX*  has  been  measured44 
using  a mercury  gas  target  x-ray  tube  in  order  to 
avoid  solid  state  fine  structure  at  the  high-frequency 
limit.  The  resulting  value  of  A is  lower  than  any  of  the 
others  in  Table  IV  but  there  is  no  reason  for  rejecting 
this  value  or  increasing  its  probable  error. 

The  final  recommended  value  from  Table  IV  (based 


38  B.  Nordfors,  Arkiv  Fysik  10,  279  ( 1956) . 

17  Ph.  Haglund,  Z.  Physik  94,  369  (1935) . 

38  E.  R.  Cohen  and  J.  W.  M.  DuMond,  Rev.  Mod.  Phys.  37, 
590  (1965). 

39  R.  J.  Allenby,  Geochim.  Cosmochim.  Acta  5,  40  (1954); 
K.  Rankama,  Isotope  Geology  (McGraw-Hill  Book  Co.,  Inc., 
New  York,  1954),  p.  272. 

40 1.  Henins  and  J.  A.  Bearden,  Phys.  Rev.  135,  890  (1964); 
and  I.  Henins,  J.  Res.  Natl.  Bur.  Std.  (U.S.)  68,  529  (1964). 

41  J.  A.  Bearden,  Phys.  Rev.  137,  181  (1965). 

41  A.  Smakula  and  J.  Kalnajs,  Nuovo  Cimento  Suppl.  6,  214 
(1957).  Phys.  Rev.  99,  1737  (1955);  A.  Smakula  and  V.  Sils, 
Phys.  Rev.  99,  1744  (1955);  A.  Smakula,  J.  Kalnajs,  and  V.  Sils, 
Phys.  Rev.  99,  1747  (1955). 

43  See  Ref.  40,  p.  897. 

44  J.  J.  Spijkerman  and  J.  A.  Bearden,  Phys.  Rev.  134,  871 
(1964). 


on  Cu  Kai  — 1537.400  xu)  is 

A=(1.002056±0.000005)  A-kxu"1. 

RECOMPUTATION  OF  X-RAY  WAVELENGTHS 

Literature  Data 

In  addition  to  the  comparatively  few  measurements 
described  above,  a vast  amount  of  other  x-ray  wave- 
length data  covering  a period  of  over  forty  years  has 
been  reconsidered.  Most  of  the  measurements  have 
employed  one  of  five  experimental  methods46 — the 
single-crystal  spectrometer,  the  tube  spectrometer,  the 
double-crystal  spectrometer,  the  curved-crystal  spec- 
trometer, and  the  ruled  grating  (primarily  in  the  soft 
x-ray  region) . In  general,  the  double-crystal  and  tube- 
spectrometer  results  are  considered  more  accurate, 
along  with  a few  of  the  curved-crystal  measurements. 

If  one  measurement  seemed  clearly  superior  to  all 
others  by  a significant  margin,  it  was  adopted  without 
change.  When  two  or  more  values  of  comparable 
accuracy  were  available,  an  average  was  taken.  Such 
an  average  can  be  computed  on  a rigorous  basis  in 
comparatively  few  cases.  This  really  requires  a thorough 

Table  IV.  Values  of  A based  on  Cu  Kai  = 1.537400  kxu.  The 
mean  value  was  calculated  with  statistical  weighting  and  the 
p.e.  4 is  by  internal  consistency. 


Experiment  A p.e.  (ppm) 


Crystal  constants 


Henins®  (Si) 

1.002057 

5 

Beardenb  (CaCCb) 

1.002055 

9 

Smakula0  (Al,  Si,  Ge,  CaF-2,  Csl, 

1.00207 

15 

T1C1,  and  TIBr) 

Various®  Mo  Ka iX 

(CaCCb,  Qz,  C) 

1.00205 

20 

Ruled  grating 

Beardend — plain 

1.00203 

30 

Edlen°-Tyren— concave 

1.002060 

20 

“h/e  exptl.” 

Spijkermanf 

1.00201 

26 

Mean 

1.002056 

4 

Note:  Atomic  constants  needed  in  calculation  of  the  above  values  of  A are 
taken  from  E.  R.  Cohen  and  J.  W.M.  DuMond,  Rev.  Mod.  Phys. 37, 537  (1965). 

* I.  Henins  and  J.  A.  Bearden,  Phys.  Rev.  135,  890  (1964). 
b J.  A.  Bearden,  Phys.  Rev.  137,  181  (1965). 

® A.  Smakula  and  J.  Kalnajs,  Nuovo  Cimento  Suppl.  6,  214  (1957);  Phys. 
Rev  99,  1737  (1955);  A.  Smakula  and  V.  Sils,  Phys.  Rev.  99,  1744  (1955);  A. 
Smakula,  J.  Kalnajs,  and  V.  Sils,  Phys.  Rev.  99,  1747  (1955);  see  also  Ref.  a. 
d J.  A.  Bearden,  Phys.  Rev.  37,  1210  (1931). 

® B.  Edlen  and  L.  A.  Svensson,  Arkiv  Fysik  28,  427  (1965). 

* J.  J.  Spijkerman  and  J.  A.  Bearden,  Phys.  Rev.  134,  A871  (1964). 


46  See  Ref.  5,  pp.  94  to  129. 
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discussion  of  both  systematic  and  statistical  errors 
(the  latter  preferably  supported  by  detailed  data  on 
individual  runs)  by  each  of  the  workers  involved.  In 
addition,  it  is  desirable  to  have  several  measurements, 
say  four  or  more,  so  that  the  external  consistency  of  the 
data  is  subject  to  a meaningful  check;  it  is  particularly 
helpful  if  the  workers  involved  have  all  measured  a 
whole  series  of  lines  rather  than  an  isolated  one.  In 
such  instances,  one  can  form  a weighted  average  with 
reasonable  confidence.  In  the  case  of  spin  doublets,  a 
check  of  the  consistency  of  the  doublet  wavelength 
separation  was  helpful  in  estimating  the  accuracy  of 
the  measurements. 

However,  for  the  majority  of  measurements,  the 
available  information  is  less  than  complete.  There  are 
often  just  two  precision  measurements,  both  with 
inadequate  error  discussion  or  with  error  estimates 
which  are  clearly  overly  optimistic.  In  such  cases  one 
has  to  combine  intelligent  guesswork  and  indirect 
evidence.  The  latter  may  include  error  estimates 
obtained  from  comparison  with  other  lines  measured 
by  a given  worker  in  the  same  report,  or  simply  from 
those  errors  normally  encountered  with  the  same 
general  design  of  instrument. 

Two  other  types  of  indirect  evidence  have  been  used 
in  many  instances.  One  is  energy-level  data,  which 
give  a measure  of  the  same  energy  difference  by  an 
indirect  series  of  transitions  between  the  two  levels 
involved.  This  procedure  rests  on  a rigorous  basis, 
although  the  indirect  values  are  often  less  precise  than 
the  direct  ones.  The  second  method  is  based  on  the 
familiar  Moseley  diagram.  Reasonably  adequate  data 
are  usually  available  to  use  this  approach  profitably. 

In  a few  instances  directly  measured  values  have 
been  rejected  entirely,  and  interpolated  values,  based 
on  the  same  line  for  neighboring  elements,  have  been 
adopted.  Interpolated  values  are  also  given  for  some 
cases  where  no  direct  measurements  have  been  reported. 

Conventions 

Wavelengths  tabulated  normally  refer  to  the  pure 
element  in  its  solid  form.  However,  there  are  many 
instances  in  which  such  data  are  not  available.  For 
example,  rare  gases  are  of  necessity  almost  always 
used  in  the  gaseous  form,  while  the  rare-earth  elements 
were  customarily  used  in  the  form  of  salts.  In  many 
instances  the  data  are  sufficiently  crude  or  the  partic- 
ular lines  are  so  insensitive  to  chemical  effects  that  the 
distinction  becomes  of  no  practical  importance. 

In  high  precision  work  there  is  some  ambiguity  as  to 
exactly  what  feature  of  a line  profile  should  be  taken 
to  be  the  “true  wavelength.”  In  double-crystal  work 
the  line  peak  is  usually  employed.  In  crystallography 
the  centroid  is  widely  used;  in  photographic  work  with 
visual  observation  of  the  plates,  there  is  involved 
some  subjective  criterion  of  the  observer  which  it  is 
difficult  to  define  precisely.  In  this  survey  the  peak  of 


the  line  profile  has  been  adopted  as  the  standard 
criterion.  This  is  one  reason  for  giving  preference  to 
double-crystal  values  in  most  cases.  Of  course  for  the 
majority  of  lines  the  data  are  not  sufficiently  precise 
and  well-defined  to  make  the  distinction  between  the 
various  criteria  at  all  meaningful. 

The  above  criterion  has  been  followed  as  consistently 
as  possible  even  in  the  case  of  rather  broad  emission 
bands.  In  cases  where  the  peak  value  could  not  be 
established  with  any  degree  of  certainty,  a value 
near  the  center  of  the  band  has  been  chosen  and  as- 
signed a rather  large  probable  error.  In  such  cases  the 
peak  is  usually  not  the  best-defined  feature  of  the  band. 
The  short-wavelength  limit  is  often  much  sharper 
and  more  reproducible.  In  such  cases  the  original 
experimental  paper  should  be  consulted  to  obtain  a 
better-detailed  picture  of  the  band  structure. 

Errors 

Previously  published  x-ray  wavelength  tables  have 
usually  not  included  any  error  estimates,  except  as 
these  were  implied  by  the  number  of  significant  figures 
stated.  However,  in  order  to  give  the  maximum  in- 
formation on  any  experimentally  determined  quantity, 
it  should  be  accompanied  by  a statement  of  estimated 
error.  Hence  it  has  been  decided  to  list  a probable 
error  with  each  emission  line  in  the  accompanying 
tables. 

The  error  criterion  used  is  that  of  probable  error.  This 
term  must  emphatically  not  be  misinterpreted  as  a 
limit  of  error.  It  is  merely  a rather  crude  estimate  such 
that,  in  the  judgment  of  the  author,  roughly  half  the 
true  wavelength  values  lie  within  the  assigned  errors. 
In  most  cases  there  is  no  implication  of  a Gaussian 
error  distribution.  In  particular,  the  probability  of 
large  deviations  may  be  substantially  greater  than 
implied  by  Gaussian  distributions;  for  example,  it  is 
likely  that  the  chance  of  a discrepancy  exceeding  five 
probable  errors  is  substantially  greater  than  one  in  a 
thousand.  As  mentioned  in  the  preceding  section,  there 
are  a few  instances  in  which  experimental  errors  are 
fully  discussed  in  the  papers  involved  and  in  which 
there  are  a sufficient  number  of  measurements  by 
different  workers  to  obtain  a good  check  by  external 
consistency.  In  such  cases  a probable  error  can  be 
assigned  on  a reasonably  rigorous  basis.  The  greater 
majority  of  cases  fall  short  of  this  ideal.  However,  it 
was  considered  more  desirable  to  estimate  probable 
errors  and  risk  some  serious  mistakes  in  judgment  than 
to  omit  this  important  information  entirely. 

WAVELENGTH  TABLES  V AND  VI 

In  Table  V all  the  emission  lines  of  an  element  are 
listed  under  the  element  heading.  The  line  and  level 
designation  are  shown  in  the  first  column.  The  wave- 
lengths in  the  second  column  are  in  A*  units  (i.e., 
relative  to  the  primary  x-ray  wavelength  standard 
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Table  V.  X-ray  wavelengths  in  A*  units  and  in  keV.  The  probable  error  (p.e.)  is  the  error  in  the  last  digit  of  wavelength.  Desig- 
nation indicates  both  conventional  Siegbahn  notation  (if  applicable)  and  transition,  e.g.,  ft  LnMjy  denotes  a transition  between  the 
Lu  and  Mjy  levels,  which  is  the  L0i  line  in  Siegbahn  notation. 


Desig- 

nation 

A* 

p.e. 

keV 

A* 

p.e. 

keV 

Desig- 

nation 

A* 

p.e. 

keV 

A* 

p.e. 

keV 

3 Lithium 

4 Beryllium 

19  Potassium  ( Cont .) 

20  Calcium  {Cont.) 

a KL 

228. 

1 

0.0543 

114. 

1 

0.1085 

n LnMi 

47.24 

2 

0.2625 

40.46 

2 

0.3064 

ft 

35.94 

2 

0.3449 

5 

Boron 

6 Carbon 

/ LjuMi 

47.74 

1 

0.25971 

40.96 

2 

0.3027 

£*l,2  LmMj\ 

V 

36.33 

2 

0.3413 

a KL 

67.6 

3 

0.1833 

44.7 

3 

0.277 

Mu.iuNi 

692 

9 

0.0179 

525. 

9 

0.0236 

7 Nitrogen 

8 Oxygen 

21  Scandium 

22  Titanium 

a KL 

31.6 

4 

0.3924 

23.62 

3 

0.5249 

oi2  K L\\ 

3.0342 

1 

4.0861 

2.75216 

2 

4.50486 

<*i  KLm 

3. 0309 f 

1 

4.0906 

2.74851 

2 

4.51084 

9 Fluorine 

10 

Neon 

0i_2  KMn.m 

2.7796 

2 

4.4605 

2.51391 

2 

4.93181 

06  KMzv.v 

2.7634 

3 

4.4865 

2.4985 

2 

4.9623 

<*1.2  KLn.m 

18.32 

2 

0.6768 

14.610 

3 

0.8486 

t]  LuMi 

35.13 

2 

0.3529 

30.89 

3 

0.4013 

0 KM 

14.452 

5 

0.8579 

0i  LnMxv 

31.02 

2 

0.3996 

27.05 

2 

0.4584 

l LmMi 

35.59 

3 

0.3483 

31.36 

2 

0.3953 

11 

Sodium 

12  Magnesium 

ai,2  £mif/iv,v31 .35 

3 

0.3954 

27.42 

2 

0.4522 

<*1,2  K Ln.ra 

11.9101 

9 

1.0410 

9.8900 

2 

1.25360 

0 KM 

11.575 

2 

1.0711 

9.521 

2 

1.3022 

23  Vanadium 

24  Chromium 

Ln.mM 

407.1 

5 

0.03045 

251.5 

5 

0.0493 

a 2 K Ln 

2.50738 

2 

4.94464 

2.293606 

3 

5.40551 

LiLxi.m 

376 

1 

0.0330 

317 

1 

0.0392 

ai  KLm 

2.50356 

2 

4.95220 

2.28970 

2 

5.41472 

0it2  KMn.ui  2.28440 

2 

5.42729 

2.08487 

2 

5.94671 

13  Aluminum 

14  Silicon 

06  KMxv.v 

2.26951 

6 

5.4629 

2.07087 

6 

5.9869 

02. * LiMn  rn  21.19  + 

9 

0.585' 

18.96 

2 

0.654 

OC2  K Ljj 

8.34173 

9 

1.48627 

7.12791 

9 

1 . 73938 

7J  Z-TT-Mt 

27.34 

3 

0.4535 

24.30 

3 

0.5102 

<*i  KLm 

8.33934 

9 

1.48670 

7.12542 

9 

1.73998 

0i  LnM iv 

23.88 

4 

0.5192 

21.27 

1 

0.5828 

0 KM 

7.960 

2 

1.5574 

6.753 

1 

1.8359 

l LrnMi 

27.77 

1 

0.4465 

24.78 

1 

0.5003 

Ln.m 

171.4 

5 

0.0724 

135.5 

4 

0.0915 

£*i.2  LtuMtv  v24 . 25 

3 

0.5113 

21.64 

3 

0.5728 

LiLn.m 

290. 

1 

0.0428 

Mn.mMjyy 

337. 

9 

0.037 

309. 

9 

0.040 

15  Phosphorus 

16  Sulfur 

25  Manganese 

26  Iron 

0C2  KLn 

6. 160+ 

1 

2.0127 

5.37496 

8 

2.30664 

<*2  KLn 

2.10578 

2 

5.88765 

1.939980 

9 

6.39084 

ai  KLm 

6.157+ 

1 

2.0137 

5.37216 

7 

2.30784 

<*i  K Lm 

2.101820 

9 

5.89875 

1.936042 

9 

6.40384 

0 KM 

5.796 

2 

2.1390 

ft, 3 KMn.m 

1.91021 

2 

6.49045 

1.75661 

2 

7.05798 

0 1 KM 

5.0316 

2 

2.4640 

06  KMjxy 

1.8971 

1 

6.5352 

1.7442 

1 

7.1081 

0X  KM 

5.0233 

3 

2.4681 

ft, 4 LiMn.m  17.19 

2 

0.721 

15.65 

2 

0.792 

Ln.mM 

103.8 

4 

0.1194 

tj  LuMi 

21.85 

2 

0.5675 

19.75 

4 

0.628 

l,  v Ln.niMi 

83.4 

3 

0.1487 

0i  LnMrv 

19.11 

2 

0.6488 

17.26 

1 

0.7185 

l LmMj 

22.29 

1 

0.5563 

20.15 

1 

0.6152 

17  Chlorine 

18  Argon 

a 1,2  AjiiMiv 

v 19.45 

1 

0.6374 

17.59 

2 

0.7050 

Mn.mMxy  y 

273. 

6 

0.045 

243. 

5 

0.051 

ot2  KL\ i 

4.7307 

1 

2.62078 

4.19474 

5 

2.95563 

<*i  KLm 

4.7278 

1 

2.62239 

4.19180 

5 

2.95770 

27  Cobalt 

28  Nickel 

0 KM 

4.4034 

3 

2.8156 

ft,»  KMn.m 

3.8860 

2 

3.1905 

<*2  K Ln 

1 . 792850 

9 

6.91530 

1.661747 

8 

7.46089 

v LuMi 

67.33 

9 

0.1841 

55.9+ 

1 

0.2217 

ai  K Lm 

1 . 788965 

9 

6.93032 

1.657910 

8 

7.47815 

l LniMj 

67.90 

9 

0.1826 

56.3  + 

1 

0.2201 

0i.3  KMn.m 

1.62079 

2 

7.64943 

1.500135 

8 

8.26466 

06  KMxwy 

1.60891 

3 

7.7059 

1.48862 

4 

8.3286 

19  Potassium 

20  Calcium 

ft, 4 LiMn.m  14.31 

3 

0.870 

13.18 

1 

0.941 

77  LnMi 

17.87 

3 

0.694 

16.27 

3 

0.762 

*>z  KLu 

3.7445 

2 

3.3111 

3.36166 

3 

3.68809 

0i  LnMiv 

15.666 

8 

0.7914 

14.271 

6 

0.8688 

«i  KLm 

3.7414 

2 

3.3138 

3.35839 

3 

3.69168 

lLmM1 

18.292 

8 

0.6778 

16.693 

9 

0.7427 

ft,s  KMn.m 

3.4539 

2 

3.5896 

3.0897 

2 

4.0127 

<*1.2  LmMw 

v 15.972 

6 

0.7762 

14.561 

3 

0.8515 

06  KMrv.v 

3.4413 

4 

3.6027 

3.0746 

3 

4.0325 

Mu.mMwy 

214. 

6 

0.058 

190. 

2 

0.0651 

0 


Table  V ( Continued ) 


Desig- 

nation 

A* 

p.e. 

keV 

A* 

p.e. 

keV 

Desig- 

nation 

A* 

p.e. 

keV 

A* 

p.e. 

keV 

29  Copper 

30  Zinc 

35  Bromine  ( Cont .) 

36  Krypton  (Cont.) 

oc2  KLji 

1.544390 

2 

8.02783 

1.439000 

8 

8.61578 

p3,*LiMnm  7.767* 

9 

1.596 

<*i  KLin 

1.540562 

2 

8.04778 

1.435155 

7 

8.63886 

v LnMi 

9.255 

1 

1.3396 

P 3 KMn 

1.3926 

1 

8.9029 

Pi  LnMxy 

8.1251 

5 

1.52590 

7.576* 

3 

1.6366 

P1.3  KMn.ui 

1.392218 

9 

8.90529 

1.29525 

2 

9.5720 

76 

7.279 

5 

1.703 

Pi  KNn.m 

1.28372 

2 

9.6580 

l LmMi 

9.585 

1 

1.2935 

Pi  KM jv  ,v 

1.38109 

3 

8.9770 

1.2848 

1 

9.6501 

<*1,2  LmMxvy  8.3746 

5 

1.48043 

7.817* 

3 

1.5860 

Ps.t  LiMuja  12.122 

8 

1.0228 

11.200 

7 

1.1070 

Ps 

7.510 

4 

1.6510 

t]  LjjMj 

14.90 

2 

0.832 

13.68 

2 

0.906 

LnKm 

7.250 

5 

1.710 

Pi  LnMrv 

13.053 

3 

0.9498 

11.983 

3 

1.0347 

MjMn 

184.6 

3 

0.0672 

l LjnMi 

15.286 

9 

0.8111 

14.02 

2 

0.884 

MjMm 

164.7 

3 

0.0753 

«i,2  LmMrv. 

v 13 . 336 

3 

0.9297 

12.254 

3 

1.0117 

MnMrv 

109.4 

3 

0.1133 

MnjiiM  v,v 

173. 

3 

0.072 

157. 

3 

0.079 

MnNi 

76.9 

2 

0.1613 

MmM-rjy 

113.8 

3 

0.1089 

31  Gallium 

32  Germanium 

79.8 

3 

0.1554 

£2  MjyNn 

191.1 

2 

0.06488 

a2  K L\\ 

1.34399 

1 

9.22482 

1.258011 

9 

9.85532 

MryNm 

189.5 

3 

0.0654 

an  KLjji 

1.340083 

9 

9.25174 

1.254054 

9 

9.88642 

fi  MyNm 

192.6 

2 

0.06437 

p3  KMn 

1.20835 

5 

10.2603 

1.12936 

9 

10.9780 

Pi  KMm 

1.20789 

2 

10.2642 

1.12894 

2 

10.9821 

37  Rubidium 

38  Strontium 

Pi  KNn.ni 

1.19600 

2 

10.3663 

1.11686 

2 

11.1008 

Pi  KMxvy 

1.1981 

2 

10.348 

1.1195 

1 

11.0745 

a 2 KLn 

0.92969 

1 

13.3358 

0.87943 

1 

14.0979 

P4  LiMn 

9.640 

2 

1.2861 

ai  KLm 

0.925553 

9 

13.3953 

0.87526 

1 

14.1650 

p3  LiMui 

9.581 

2 

1.2941 

P3  KMn 

0.82921 

3 

14.9517 

0.78345 

3 

15.8249 

Pz,\  L\Mu,m  10.359* 

8 

1.197 

Pi  KMm 

0.82868 

2 

14.9613 

0.78292 

2 

15.8357 

v LnMi 

12.597 

2 

0.9842 

11.609 

2 

1.0680 

P2  KNn.m 

0.81645 

3 

15.1854 

0.77081 

3 

16.0846 

Pi  LjjM jv 

11.023 

2 

1.1248 

10.175 

1 

1.2185 

Pi  KMiyy 

0.8219 

1 

15.085 

0.7764 

1 

15.969 

/ LuiMj 

12.953 

2 

0.9572 

11.965 

4 

1.0362 

Pi  KN iy  y 

0.8154 

2 

15.205 

0.76989 

5 

16.104 

ai,2  LjiiM rv, 

v 1 1 . 292 

1 

1.09792 

10.4361 

8 

1.18800 

Pi  LiMn 

6.8207 

3 

1.81771 

6.4026 

3 

1.93643 

Pi  LiMm 

6.7876 

3 

1.82659 

6.3672 

3 

1.94719 

33  Arsenic 

34  Selenium 

72,3  LiNn.m  6.0458 

3 

2.0507 

5.6445 

3 

2.1965 

V LjjM  I 

8.0415 

4 

1.54177 

7.5171 

3 

1.64933 

<*2  KLn 

1.17987 

1 

10.50799 

1 . 10882 

2 

11.1814 

Pi  LnM\y 

7.0759 

3 

1.75217 

6.6239 

3 

1.87172 

ai  KLui 

1.17588 

1 

10.54372 

1.10477 

2 

11.2224 

76  LnNx\ 

6.7553 

3 

1.83532 

6.2961 

3 

1.96916 

Pz  KMn 

1.05783 

5 

11.7203 

0.99268 

5 

12.4896 

l LmMi 

8.3636 

4 

1.48238 

7.8362 

3 

1.58215 

pi  KMm 

1.05730 

2 

11.7262 

0.99218 

3 

12.4959 

on  LmMrv 

7.3251 

3 

1.69256 

6.8697 

3 

1.80474 

P2  KNn.iu 

1.04500 

3 

11.8642 

0.97992 

5 

12.6522 

ai  LmMy 

7.3183 

2 

1.69413 

6.8628 

2 

1.80656 

Pi  KMxvy 

1.0488 

1 

11.822 

0.9843 

1 

12.595 

Pe  LniNi 

6.9842 

3 

1.77517 

6.5191 

3 

1.90181 

P3.4  LjMn.m  8.929 

1 

1.3884 

8.321* 

9 

1.490 

MiMm 

144.4 

3 

0.0859 

v LnM\ 

10.734 

1 

1.1550 

9.962 

1 

1.2446 

MnMrv 

91.5 

2 

0.1355 

85.7 

2 

0.1447 

Pi  L\\M rv 

9.4141 

8 

1.3170 

8.7358 

5 

1.41923 

MnNi 

57.0 

2 

0.2174 

51.3 

1 

0.2416 

l LniMi 

11.072 

1 

1.1198 

10.294 

1 

1.2044 

MmMrv.v 

96.7 

2 

0.1282 

91.4 

2 

0.1357 

<*1,2  LmMxw 

v 9.6709 

8 

1.2820 

8.9900 

5 

1.37910 

MmNi 

59.5 

2 

0.2083 

53.6 

1 

0.2313 

My  N in 

230. 

2 

0.0538 

£2  MxvNn 

127.8 

2 

0.0970 

MryNm 

126.8 

2 

0.0978 

35  Bromine 

36  Krypton 

AfxviVn.ni 

108.0 

2 

0.1148 

fi  MyiVlII 

128.7 

2 

0.0964 

108.7 

1 

0.1140 

a2  KLn 

1.04382 

2 

11.8776 

0.9841 

1 

12.598 

ai  KLm 

1.03974 

2 

11.9242 

0.9801 

1 

12.649 

39  Yttrium 

40  Zirconium 

P3  KAln 

0.93327 

5 

13.2845 

0.8790 

1 

14.104 

Pi  KMm 

0.93279 

2 

13.2914 

0.8785 

1 

14.112 

a2  K Ln 

0.83305 

1 

14.8829 

0.79015 

1 

15.6909 

P2  KNn.ni 

0.92046 

2 

13.4695 

0.8661 

1 

14.315 

«i  KZ.ni 

0.82884 

1 

14.9584 

0.78593 

1 

15.7751 

Pi  KMxvy 

0.9255 

1 

13.396 

0.8708 

2 

14.238 

Pi  KMn 

0.74126 

3 

16.7258 

0.70228 

4 

17.654 

Pi  KNxvy 

0.8653 

2 

14.328 

Pi  KMm 

0.74072 

2 

16.7378 

0.70173 

3 

17.6678 

Pi  L\Mn 

7.304 

5 

1.697 

Pi  KNu, in 

0.72864 

4 

17.0154 

0.68993 

4 

17.970 

p3  LiMni 

7.264 

5 

1.707 

Pi  KMxvy 

0.7345 

1 

16.879 

0.6959 

1 

17.815 
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Table  V ( Continued ) 


Desig- 

Desig- 

nation 

A* 

p.e. 

keV 

A* 

p.e. 

keV 

nation 

A* 

p.e. 

keV 

A* 

p.e. 

keV 

39  Yttrium  (Cont.) 

40  Zirconium  {Cont.) 

43  Technetium 

44  Ruthenium 

ft  KNyyy 

0.72776 

5 

17.036 

0.68901 

5 

17.994 

«2  KLu 

0. 67932 t 

3 

18.2508 

0.647408 

5 

19.1504 

ft  LjMn 

6.0186 

3 

2.0600 

5.6681 

3 

2.1873 

ai  KLm 

0. 67502 t 

3 

18.3671 

0.643083 

4 

19.2792 

ft  L\Mm 

5.9832 

3 

2.0722 

5.6330 

3 

2.2010 

ft  KMn 

0.60188f 

4 

20.599 

0.573067 

4 

21.6346 

72,3  £l All, III 

5.2830 

3 

2.3468 

4.9536 

3 

2.5029 

ft  KMm 

0.60130f 

4 

20.619 

0.572482 

4 

21.6568 

v L \Mi 

7.0406 

3 

1.76095 

6.6069 

3 

1.87654 

ft  KNiun 

0.59024+ 

5 

21.005 

0.56166 

3 

22.074 

/3i  LmMiv 

6.2120 

3 

1.99584 

5.8360 

3 

2.1244 

ft11  KMiv 

0.5680 

2 

21.829 

76  TiiA^i 

5.8754 

3 

2.1102 

5.4977 

3 

2.2551 

ft1  KM\ 

0.56785 

9 

21.834 

7i  CuNiv 

5.3843 

3 

2.3027 

ft 

0.56089 

9 

22.104 

l LinMi 

7.3563 

3 

1.68536 

6.9185 

3 

1.79201 

ft  LuMrv 

4.5230 

2 

2.7411 

«2  LmMiv 

6.4558 

3 

1.92047 

6.0778 

3 

2.0399 

ft  LjMni 

4.4866 

3 

2.7634 

«1  LnjMy 

6.4488 

2 

1.92256 

6.0705 

2 

2.04236 

72,3  LxNu ,111 

3.8977 

2 

3.1809 

ft  LmNi 

6.0942 

3 

2.0344 

5.7101 

3 

2.1712 

r)  LuMj 

4.8873+ 

5.2050 

2 

2.38197 

ft. IB 

5.5863 

3 

2.2194 

ft  LuMzv 

8 

2.5368 

4.62058 

3 

2.68323 

MttA/tv 

81.5 

2 

0.1522 

76.7 

2 

0.1617 

76  AiiA^i 

4.2873 

2 

2.8918 

M-a.Ni 

46.48 

9 

0.267 

71  LnNiv 

4.1822 

2 

2.9645 

MmMy 

80.9 

3 

0.1533 

l LmMi 

5.5035 

3 

2.2528 

MmNi 

48.5 

2 

0.256 

ai  LmMpf 

5.1148+ 

4.85381 

7 

2.55431 

86.5 

2 

0.1434 

an  LjuMy 

3 

2.4240 

4.84575 

5 

2.55855 

f Mrv,vArn,ni93 . 4 

2 

0.1328 

82.1 

2 

0.1511 

0s  LmNi 

4.4866 

3 

2.7634 

A/iv,v0n,ni 

70.0 

4 

0.177 

ft,  i6  LiiiNiv  v 

4.3718 

2 

2.8360 

MjjMw 

62.2 

1 

0.1992 

41  Niobium 

42  Molybdenum 

MnNi 

MjjNjx 

32.3 

25.50 

2 

9 

0.384 

0.486 

«2  KLu 

0.75044 

1 

16.5210 

0.713590 

6 

17.3743 

MmMy 

68.3 

1 

0.1814 

ai  K L\\ i 

0.74620 

1 

16.6151 

0.709300 

1 

17.47934 

7 MinNivy 

26.9 

1 

0.462 

ft  XMn 

0.66634 

3 

18.6063 

0.632872 

9 

19.5903 

f Miv.vNu.ni 

52.34 

7 

0.2369 

ft  KMjjj 

0.66576 

2 

18.6225 

0.632288 

9 

19.6083 

Mjy.xOn.m 

44.8 

1 

0.2768 

ft11 

0.62107 

5 

19.963 

ft  ATArn,m 

0.65416 

4 

18.953 

0.62099 

2 

19.9652 

45  Rhodium 

46  Palladium 

ft  KNtv,\ 
ft11  tfJfiv 

0.65318 

5 

18.981 

0.62708 

5 

19.771 

ai  KLjj 

0.617630 

4 

20.0737 

0.589821 

3 

21.0201 

ft1  KMy 

0.62692 

5 

19.776 

ai  KLm 

0.613279 

4 

20.2161 

0.585448 

3 

21.1771 

(3  4 KNrv.x 

0.62001 

9 

19.996 

ft  KMn 

0.546200 

4 

22.6989 

0.521123 

4 

23.7911 

ft  LiMu 

5.3455 

3 

2.3194 

5.0488 

3 

2.4557 

ft  KM ni 

0.545605 

4 

22.7236 

0.520520 

4 

23.8187 

ft  TiMm 

5.3102 

3 

2.3348 

5.0133 

3 

2.4730 

ft11  tfiVu 

0.53513 

5 

23.168 

72,3  LlNu,JU 

4.6542 

2 

2.6638 

4.3800 

2 

2.8306 

ft  .Of n, hi 

0.53503 

2 

23.1728 

0.510228 

4 

24.2991 

i ? L\\Mi 

6.2109 

3 

1.99620 

5.8475 

3 

2.1202 

ft11  KM\\ 

0.54118 

9 

22.909 

ft  LjjMj\ 

5.4923 

3 

2.2574 

5.17708 

8 

2.39481 

ft1  Ofv 

0.54101 

9 

22.917 

76  LjjNj 

5.1517 

3 

2.4066 

4.8369 

2 

2.5632 

ft  KNjV'V 

9.53401 

9 

23.217 

0.5093 

2 

24.346 

7i  LuNrv 

5.0361 

3 

2.4618 

4.7258 

2 

2.6235 

ft  KAfiyy 

0.51670 

9 

23.995 

l LjjjMi 

6.5176 

3 

1.90225 

6. 1508 

3 

2.01568 

ft  LiMn 

4.2888 

2 

2.8908 

4.0711 

2 

3.0454 

ai  LjuMxx 

5.7319 

3 

2.1630 

5.41437 

8 

2.28985 

ft  -ft  A/m 

4.2522 

2 

2.9157 

4.0346 

2 

3.0730 

ai  LjjiMy 

5.7243 

2 

2.16589 

5.40655 

8 

2.29316 

72, s /-iAfn.m 

3.6855 

2 

3.3640 

3.4892 

2 

3.5533 

ft  TinAl 

5.3613 

3 

2.3125 

5.0488 

5 

2.4557 

j?  Z„i/ 1 

4.9217 

2 

2.5191 

4.6605 

2 

2.6603 

ft, i6  Z-mA^Tv.v  5.2379 

3 

2.3670 

4.9232 

2 

2.5183 

ft  7-nA/iv 

4.37414 

4 

2.83441 

4.14622 

5 

2.99022 

72.1 

3 

0.1718 

68.9 

2 

0.1798 

76  T-iiA^i 

4.0451 

2 

3.0650 

3.8222 

2 

3.2437 

MnN ! 

38.4 

3 

0.323 

35.3 

3 

0.351 

7i  /-nATiv 

3.9437 

2 

3.1438 

3.7246 

2 

3.3287 

MnNjy 

33.1 

2 

0.375 

l LmM  i 

5.2169 

3 

2.3765 

4.9525 

3 

2.5034 

MjxiMy 

78.4 

2 

0.1582 

74.9 

1 

0.1656 

<*2  ZinA/rv 

4.60545 

9 

2.69205 

4.37588 

7 

2.83329 

Mm.Ni 

40.7 

2 

0.305 

37.5 

2 

0.331 

ai  LmMv 

4.59743 

9 

2.69674 

4.36767 

5 

2.83861 

7 TfuiA^rv.v 

34.9 

2 

0.356 

ft  Z-mAfi 

4.2417 

2 

2.9229 

4.0162 

2 

3.0870 

1 3/n',vArn,m72. 19 

9 

0.1717 

64.38 

7 

0.1926 

ft, is  /'inA'rv.v 

4.1310 

2 

3.0013 

3.90887 

4 

3.17179 

4^iv,vOn,in 

61.9 

2 

0.2002 

54.8 

2 

0.2262 

fto  LjMrv 

3.7988 

2 

3.2637 
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Table  V ( Continued ) 


Desig- 

nation 

A* 

p.e. 

keV 

A* 

p.e. 

keV 

Desig- 

nation 

A* 

p.e. 

keV 

A* 

p.e. 

keV 

45  Rhodium  (Cent.) 

46  Palladium  ( Cont .) 

49  Indium  {Cont.) 

50  Tin  (Cont.) 

09  L\My 

3.7920 

2 

3.2696 

0i  KMni 

0.454545 

4 

27.2759 

0.435236 

5 

28.4860 

MiNn.m 

20.1 

2 

0.616 

02  KNu.in 

0.44500 

1 

27.8608 

0.425915 

8 

29.1093 

MxiMxy 

59.3 

1 

0.2090 

56.5 

1 

0.2194 

KOu.m 

0.44374 

3 

27.940 

0.42467 

3 

29.195 

MuNi 

28.1 

2 

0.442 

26.2 

2 

0.474 

06**  KMjy 

0.45098 

2 

27.491 

0.43184 

3 

28.710 

M\  iNrv 

22.1 

1 

0.560 

06*  KMy 

0.45086 

2 

27.499 

0.43175 

3 

28.716 

Mu  My 

65.5 

1 

0.1892 

62.9 

1 

0.1970 

04  KNxyy 

0.44393 

4 

27.928 

0.42495 

3 

29.175 

Mn'Ni 

29.8 

1 

0.417 

27.9 

1 

0.445 

04  LxMn 

3.50697 

9 

3.5353 

3.34335 

9 

3.7083 

7 MjuNzyy 

25.01 

9 

0.496 

23. 3 + 

1 

0.531 

0a  LiMm 

3.46984 

9 

3.5731 

3.30585 

3 

3.7500 

f Mxv,v^n.in47 . 67 

9 

0.2601 

43.6 

1 

0.2844 

72.1  LiNu.m 

2.9800 

2 

4.1605 

2.8327 

2 

4.3768 

A7rv,v0n,ni 

40.9 

2 

0.303 

37.4 

2 

0.332 

74  TjOn.ni 

2.9264 

2 

4.2367 

2.7775 

2 

4.4638 

*1  LnMi 

3.98327 

9 

3.11254 

3.78876 

9 

3.27234 

47 

Silver 

48  Cadmium 

0i  LnMiy 

3.55531 

4 

3.48721 

3.38487 

3 

3.66280 

76  Z-n-Ni 

3.24907 

9 

3.8159 

3.08475 

9 

4.0192 

OC2  K Lll 

0.563798 

4 

21.9903 

0.539422 

3 

22.9841 

7i  TnA^rv 

3.16213 

4 

3.92081 

3.00115 

3 

4.13112 

«i  KLin 

0.5594075  6 

22.16292 

0.535010 

3 

23.1736 

/ ZjjiMi 

4.26873 

9 

2.90440 

4.07165 

9 

3.04499 

0s  KMn 

0.497685 

4 

24.9115 

0.475730 

5 

26.0612 

<*2  TrnAfrv 

3.78073 

6 

3.27929 

3.60891 

4 

3.43542 

0i  KM  in 

0.497069 

4 

24.9424 

0.475105 

6 

26.0955 

ai  LujM v 

3.77192 

4 

3.28694 

3.59994 

n 

o 

3.44398 

02  KNn.ni 

0.487032 

4 

25.4564 

0.465328 

7 

26.6438 

06 1-niTVi 

3.43606 

9 

3.60823 

3.26901 

9 

3.7926 

05  KMjyy 

0.49306 

2 

25.145 

02.16  T-mA'iv.v 

3.33838 

3 

3.71381 

3.17505 

3 

3.90486 

04  KNiyy 

0.48598 

3 

25.512 

07  AmOi 

3.324 

4 

3.730 

3.1564 

3 

3.9279 

04  LiMn 

3.87023 

5 

3.20346 

3.68203 

9 

3.36719 

0io  LiMrv 

3.27404 

9 

3.7868 

3.12170 

9 

3.9716 

03  7-iMxn 

3.83313 

9 

3.23446 

3.64495 

9 

3.40145 

09  LiMy 

3.26763 

9 

3.7942 

3.11513 

9 

3.9800 

72  L{Nn 

3.31216 

9 

3.7432 

3.1377 

2 

3.9513 

MuMjy 

47.3 

1 

0.2621 

73  T-iA^ni 

3.30635 

9 

3.7498 

MuNi 

20.0 

1 

0.619 

v LuMi 

4.4183 

2 

2.8061 

4.19315 

9 

2.95675 

MnNiy 

16.93 

5 

0.733 

0i  Z-nMrv 

3.93473 

3 

3.15094 

3.73823 

4 

3.31657 

MmMv 

54.2 

1 

0.2287 

75  TniVi 

3.61638 

9 

3.42832 

3.42551 

9 

3.61935 

MmNi 

21.5 

1 

0.575 

7i  Tm^iv 

3.52260 

4 

3.51959 

3.33564 

6 

3.71686 

7 MmNivy 

17.94 

5 

0.691 

l LinMi 

4.7076 

2 

2.6337 

4.48014 

9 

2.76735 

MjyOu.m 

25.3 

1 

0.491 

«2  LmMrv 

4.16294 

5 

2.97821 

3.96496 

6 

3.12691 

f Afrv.v-^n.ni 

31.24 

9 

0.397 

ai  LuiMy 

4.15443 

3 

2.98431 

3.95635 

4 

3.13373 

MyOm 

25.7 

1 

0.483 

0a  T-rnA^i 

3.80774 

9 

3.25603 

3.61467 

9 

3.42994 

ft, is  LjnKiyy  3.70335 

3 

3.34781 

3.51408 

4 

3.52812 

51  Antimony 

52  Tellurium 

0io  LiMxy 

3.61158 

9 

3.43287 

3.4367 

2 

3.6075 

09  LiMy 

3.60497 

9 

3.43917 

3.43015 

9 

3.61445 

t*2  K Ln 

0.474827 

3 

26.1108 

0.455784 

3 

27.2017 

MiNri.m 

18.8 

2 

0.658 

<*i  KLm 

0.470354 

3 

26.3591 

0.451295 

3 

27.4723 

MnM-fv 

54.0 

1 

0.2295 

52.0 

2 

0.2384 

0a  A Afn 

0.417737 

4 

29.6792 

0.400659 

4 

30.9443 

MuNi 

22.9 

2 

0.540 

0i  .Of hi 

0.417085 

3 

29.7256 

0.399995 

5 

30.9957 

MnNiy 

20.66 

7 

0.600 

19.40 

7 

0.639 

02  OVn.in 

0.407973 

5 

30.3895 

0.391102 

6 

31.7004 

M inMy 

60.5 

1 

0.2048 

58.7 

2 

0.2111 

On,  hi 

0.40666 

1 

30.4875 

0.38974 

1 

31.8114 

MmNi 

26.0 

1 

0.478 

24.5 

1 

0.507 

06**  KM-pf 

0.41388 

1 

29.9560 

7 A/niA^jv.v 

21.82 

7 

0.568 

20.47 

7 

0.606 

06*  OfV 

0.41378 

1 

29.9632 

3/iv0n,in 

30.4 

1 

0.408 

04  KNjvy 

0.40702 

1 

30.4604 

? 3fiy,v^n,m39.77 

7 

0.3117 

36.8 

1 

0.3371 

04  TiAfu 

3.19014 

9 

3.8864 

3.04661 

9 

4.0695 

MyA*i 

24.4 

2 

0.509 

0a  TiMni 

3.15258 

9 

3.9327 

3.00893 

9 

4.1204 

MyOixi 

30.8 

1 

0.403 

72,a  Ti^n.m 

2.6953 

2 

4.5999 

2.5674 

2 

4.8290 

MrvyOn,m 

33.5 

3 

0.370 

74  LiOu,m 

2.6398 

2 

4.6967 

2.5113 

2 

4.9369 

v LnMi 

3.60765 

9 

3.43661 

3.43832 

9 

3.60586 

49  Indium 

50 

Tin 

01  LuMry 

3.22567 

4 

3.84357 

3.07677 

6 

4.02958 

76  Tii-A/i 

2.93187 

9 

4.2287 

2.79007 

9 

4.4437 

ai  K Ln 

0.516544 

3 

24.0020 

0.495053 

3 

25.0440 

7i  Tn^rv 

2.85159 

3 

4.34779 

2.71241 

6 

4.5709 

ai  KLm 

0.512113 

3 

24.2097 

0.490599 

3 

25.2713 

l LpjMi 

3.88826 

9 

3.18860 

3.71696 

9 

3.33555 

03  KMfl 

0.455181 

4 

27.2377 

0.435877 

5 

28.4440 

£22  LmM rv 

3.44840 

6 

3.59532 

3.29846 

9 

3.7588 
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Table  V ( Continued ) 


Desig- 
nation A*  p.e.  keV 


51  Antimony  {Cant.) 


A* 


p.e. 


keV 


Desig- 

nation 


52  Tellurium  {Coni.) 


A*  p.e.  keV  A*  p.e.  keV 


55  Cesium  ( Cont .)  56  Tellurium  ( Cont .) 


«i  LjuM\ 

3.43941 

4 

3.60472 

3.28920  6 

3.76933 

74  ZiOn.xn 

2.1741 

2 

5.7026 

06  LjijNi 

3.11513 

9 

3.9800 

2.97088  9 

4.1732 

V LjjMi 

2.9932 

2 

4.1421 

02,i6  LmNxvx  3.02335 

3 

4.10078 

2.88217  8 

4.3017 

0i  Z-iiMiv 

2.6837 

2 

4.6198 

07  AniOi 

3.0052 

3 

4.1255 

2.8634  3 

4.3298 

75  ZiiA i 

2.4174 

2 

5.1287 

0io  LjMiv 

2.97917 

9 

4.1616 

2.84679  9 

4.3551 

7i  AiiAiv 

2.3480 

2 

5.2804 

09  LjMy 

2.97261 

9 

4.1708 

2.83897  9 

4.3671 

l LinM i 

3.2670 

2 

3.7950 

MuMn 

45.2 

1 

0.2743 

c*2  ZlllilZlV 

2.9020 

2 

4.2722 

MnNi 

18.8 

1 

0.658 

17.6  1 

0.703 

«i  LinM v 

2.8924 

2 

4.2865 

MnNiv 

15.98 

5 

0.776 

0c  ZiiiAi 

2.5932 

2 

4.7811 

MmMy 

52.2 

1 

0.2375 

50.3  1 

0.2465 

02,i5  ZiiiA7iv,v  2.5118 

2 

4.9359 

MmNj 

20.2 

1 

0.612 

19.1  1 

0.648 

07  ZlIlOl 

2.4849 

2 

4.9893 

y MmNiv.v 

16.92 

4 

0.733 

15.93  4 

0.778 

0io  ZiAZ iv 

2.4920 

2 

4.9752 

MivOnm 

21.34  5 

0.581 

09  L\My 

2.4783 

2 

5.0026 

f Mrv  ,vAn,m28. 88 

8 

0.429 

26.72  9 

0.464 

7 MmAxv.v 

M vOjn 

21.78  5 

0.569 

MjyOn 

MzyOin 

53  Iodine 

54  Xenon 

f MyN in 

AfyOin 

T^ivOii 

« 2 AZ-n 

0.437829 

7 

28.3172 

0.42087*  2 

29.458 

188.6 

1 

0.06574 

ai  KLni 

0.433318 

5 

28.6120 

0.41634*  2 

29.779 

ArvOni 

183.8 

1 

0.06746 

03  KMji 

0.384564 

4 

32.2394 

0.36941*  2 

33.562 

AvOni 

190.3 

1 

0.06515 

0i  AMm 

0.383905 

4 

32.2947 

0.36872*  2 

33.624 

AiVn.m 

04  LjMu 

0.37523* 

2.91207 

2 

9 

33.042 

4.2575 

0.36026*  3 

34.415 

57  Lanthanum 

03  Z*Min 

2.87429 

9 

4.3134 

as  A Zxx 

0.375313 

2 

33.0341 

72,3  Z-iAn.in 

2.4475 

2 

5.0657 

ai  AZ-iii 

0.370737 

2 

33.4418 

74  Z-iOii.m 

2.3913 

2 

5.1848 

03  A Mu 

0.328686 

4 

37.7202 

v Z-nMj 

3.27979 

9 

3.7801 

)3i  AMixi 

0.327983 

3 

37.8010 

0i  ZnMiv 

2.93744 

6 

4.22072 

02  AAii.iii 

0.320117 

7 

38.7299 

7o  LjiNi 

2.65710 

9 

4.6660 

AOii.iii 

0.31864 

2 

38.909 

7i  ZnAIV 

2.58244 

8 

4.8009 

0611  KM\y 

0.32563 

2 

38.074 

l LmMi 

3.55754 

9 

3.48502 

061  AMv 

0.32546 

Z. 

38.094 

a 2 ZniM iv 

3.15791 

6 

3.92604 

0,  AA7iv.v 

0.31931 

2 

J8.828 

«i  Zni3Zv 

3.14860 

6 

3.93765 

3.0166*  2 

4.1099 

04  LjMn 

2.4493 

3 

5.0620 

06  TmAi 

2.83672 

9 

4.3706 

03  ZiMiii 

2.4105 

3 

5.1434 

02,i5  AmAiv.v 

2.75053 

8 

4.5075 

72  ZiAn 

2.0460 

4 

6.060 

07  TmOi 

2.7288 

3 

4.5435 

73  ZiAin 

2.0410 

4 

6.074 

010  L\M\y 

2.72104 

9 

4.5564 

74  Z.1O11111 

1.9830 

4 

6.252 

09  L\My 

2.71352 

9 

4.5690 

77  LnMi 

2.740 

3 

4.525 

0i  Li\Mjv 

2.45891 

5 

5.0421 

55  Cesium 

56  Barium 

76  Z11A1 

2.2056 

4 

5.621 

7i  Z,nATrv 

2.1418 

3 

5.7885 

at  KLn 

0.404835 

4 

30.6251 

0.389668  5 

31.8171 

78  Z-iiOi 

«i  AZ.ni 

0.400290 

4 

30.9728 

0.385111  4 

32.1936 

/ ZniMi 

3.006 

3 

4.124 

03  KM n 

0.355050 

4 

34.9194 

0.341507  4 

36.3040 

«2  Z.111JI/  IV 

2.67533 

5 

4.63423 

0i  AMni 

0.354364 

7 

34.9869 

0.340811  3 

36.3782 

ai  LjnMy 

2.66570 

5 

4.65097 

02  AAn.m 

0.34611 

2 

35.822 

0.33277  1 

37.257 

06  ZinA7! 

2.3790 

4 

5.2114 

AOn.in 

0.33127  2 

37.426 

02.15  Z-niAiw  2.3030 

3 

5.3835 

0sn  AAfiv 

0.33835  2 

36.643 

07  Z-HiOl 

2.275 

3 

5.450 

061  AMV 

0.33814  2 

36.666 

010  L\M\y 

2.290 

3 

5.415 

04  KNjyy 

0.33229  2 

37.311 

09  ZiMy 

2.282 

3 

5.434 

04  AllZji 

2.6666 

2 

4.6494 

2.5553  2 

4.8519 

7 MinAriv,v 

12.08 

4 

1.027 

03  LjMjjj 

2.6285 

2 

4.7167 

2.5164  2 

4.9269 

0 M ivA7vi 

14.51 

5 

0.854 

72  Z-iAjj 

2.2371 

2 

5.5420 

2.1387  2 

5.7969 

f MVA7 hi 

19.44 

5 

0.638 

73  Z-iAni 

2.2328 

2 

5.5527 

2.1342  2 

5.8092 

a MvArvi,viI 

14.88 

5 

0.833 

2.0756 

3 

5.9733 

2.8627 

3 

4.3309 

2.56821 

5 

4.82753 

2.3085 

3 

5.3707 

2.2415 

2 

5.5311 

3.1355 

2 

3.9541 

2.78553 

5 

4.45090 

2.77595 

5 

4.46626 

2.4826 

2 

4.9939 

2.40435 

6 

5.1565 

2.3806 

2 

5.2079 

2.3869 

2 

5.1941 

2.3764 

2 

5.2171 

12.75 

3 

0.973 

15.91 

5 

0.779 

15.72 

9 

0.789 

20.64 

4 

0.601 

16.20 

5 

0.765 

163.3 

2 

0.07590 

159.0 

2 

0.07796 

164.6 

2 

0.07530 

58  Cerium 


0.361683 

2 

34.2789 

0.357092 

2 

34.7197 

0.316520 

4 

39.1701 

0.315816 

2 

39.2573 

0.30816 

1 

40.233 

0.30668 

2 

40.427 

0.31357 

2 

39.539 

0.31342 

2 

39.558 

0.30737 

2 

40.337 

2.3497 

4 

5.2765 

2.3109 

3 

5.3651 

1.9602 

3 

6.3250 

1.9553 

3 

6.3409 

1.8991 

4 

6.528 

2.6203 

4 

4.7315 

2.3561 

3 

5.2622 

2.1103 

3 

5.8751 

2.0487 

4 

6.052 

2.0237 

4 

6.126 

2.8917 

4 

4.2875 

2.5706 

3 

4.8230 

2.5615 

2 

4.8402 

2.2818 

3 

5.4334 

2.2087 

2 

5.6134 

2.1701 

2 

5.7132 

2.1958 

5 

5.646 

2.1885 

3 

5.6650 

11.53 

1 

1.0749 

13.75 

4 

0.902 

18.35 

4 

0.676 

14.04 

2 

0.883 
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Table  V ( Continued ) 


Desig- 


nation 

A* 

p.e. 

keV 

A* 

p.e. 

keV 

57  Lanthanum  (Coni.) 

58  Cerium  ( Cont .) 

MyOnjii 

14.39 

5 

0.862 

NixyOn.m 

152.6 

6 

0.0812 

144.4 

6 

0.0859 

59  Praseodymium 

60  Neodymium 

«2  KLn 

0.348749 

2 

35.5502 

0.336472 

2 

36.8474 

«i  if  Lm 

0.344140 

2 

36.0263 

0.331846 

2 

37.3610 

0s  KMn 

0.304975 

5 

40.6529 

0.294027 

3 

42.1665 

Pi  KM m 

0.304261 

4 

40.7482 

0.293299 

2 

42.2713 

02  K Nn, in 

0.29679 

2 

41.773 

0.2861* 

1 

43.33 

Pi  L\Mn 

2.2550 

4 

5.4981 

2.1669 

3 

5.7216 

P 3 LiMm 

2.2172 

3 

5.5918 

2.1268 

2 

5.8294 

72  LiNn 

1.8791 

4 

6.598 

1.8013 

4 

6.883 

73  LiNni 

1.8740 

4 

6.616 

1.7964 

4 

6.902 

7i  LiOn.m 

1.8193 

4 

6.815 

1.7445 

4 

7.107 

T l LnMi 

2.512 

3 

4.935 

2.4094 

4 

5.1457 

Pi  LnMix 

2.2588 

3 

5.4889 

2.1669 

2 

5.7216 

7i  LnNi 

2.0205 

4 

6.136 

1.9355 

4 

6.406 

7i  LnNi\- 

1.9611 

3 

6.3221 

1.8779 

2 

6.6021 

7s  LnOi 

1.9362 

4 

6.403 

1.8552 

5 

6.683 

l LniMi 

2.7841 

4 

4.4532 

2.6760 

4 

4.6330 

at  LniMiv 

2.4729 

3 

5.0135 

2.3807 

3 

5.2077 

«i  Z-niMv 

2.4630 

2 

5.0337 

2.3704 

2 

5.2304 

Pi  ^IIlA7I 

2.1906 

4 

5.660 

2.1039 

3 

5.8930 

02,15  Aiii7Yiv, 

v 2.1194 

4 

5.850 

2.0360 

3 

6.0894 

07  LmOi 

2.0919 

4 

5.927 

2.0092 

3 

6.1708 

0io  LiMiv 

2.1071 

4 

5.884 

2.0237 

3 

6.1265 

09  L\My 

2.1004 

4 

5.903 

2.0165 

3 

6.1484 

7 MmNiv  ,v 

10.998 

9 

1.1273 

10.505 

9 

1.180 

0 A/rvAVi 

13.06 

2 

0.950 

12.44 

2 

0.997 

f AfyYm 

17.38 

4 

0.714 

16.46 

4 

0.753 

a AfvAVi.vn 

13.343 

5 

0.9292 

12.68 

2 

0.978 

i^iv.viVvi.vii 

113. 

1 

0.1095 

107. 

1 

0.116 

A^iv.vOn.m 

136.5 

4 

0.0908 

128.9 

7 

0.0962 

61  Promethium 

62  Samarium 

ai2  AT  Ljj 

0.324803 

4 

38.1712 

0.313698 

2 

39.5224 

ai  if  Lm 

0.320160 

4 

38.7247 

0.309040 

2 

40.1181 

03  KMn 

0. 28363 1 

4 

43.713 

0.27376 

2 

45.289 

Pi  KMm 

0.28290* 

3 

43.826 

0.27301 

2 

45.413 

02  if  A^II.IH 

0.2759* 

1 

44.94 

0.2662 

1 

46.58 

ifOii.m 

0.26491 

3 

46.801 

05  KMixy 

0.27111 

3 

45.731 

Pi  LiMn 

2.00095 

6 

6.1963 

03  LiMm 

2.0421 

4 

6.071 

1.96241 

3 

6.3180 

72  LiNn 

1 . 66044 

6 

7.4668 

73  L\N hi 

1.65601 

3 

7.4867 

74  Z-iOii.iii 

1 . 60728 

3 

7.7137 

»7  LnMi 

2.21824 

3 

5.5892 

01  Anil/  iv 

2.0797 

4 

5.961 

1.99806 

3 

6.2051 

75  /-IlA^I 

1.77934 

3 

6.9678 

7i  LnNix 

1 . 7989 

9 

6.892 

1.72724 

3 

7.1780 

76  /-IlOjV 

1 . 6966 

9 

7.3076 

/ LniMi 

2.4823 

4 

4.9945 

Desig- 


nation 

A* 

p.e. 

keV 

A* 

p.e. 

keV 

61  Promethium  ( Co  nt.) 

62  Samarium  (Cont.) 

«2  LniM xv 

2.2926 

4 

5.4078 

2.21062 

3 

5.6084 

«i  LniMy 

2.2822 

3 

5.4325 

2.1998 

2 

5.6361 

06  LniA'i 

1.94643 

3 

6.3697 

02,i5  LniNiV' 

v 1.9559 

6 

6.339 

1.88221 

3 

6.5870 

Pi  LmOi 

1.85626 

3 

6.6791 

PsLmOivy 

1.84700 

9 

6.7126 

Pi  o LiMn/ 

1.86990 

3 

6.6304 

09  LiMy 

1.86166 

3 

6.6597 

7 MnjNrvy 

9.600 

9 

1.291 

0 3/rvAvi 

11.27 

1 

1.0998 

/ -fl/vA'in 

14.91 

4 

0.831 

a MyNyiyn 

11.47 

3 

1.081 

NjvyNyiyn 

98. 

1 

0.126 

N rv.vOn.in 

117.4 

4 

0.1056 

63  Europium 

64  Gadolinium 

a 2 K Ln 

0.303118 

2 

40.9019 

0.293038 

2 

42.3089 

ai  KLm 

0.298446 

2 

41.5422 

0.288353 

2 

42.9962 

03  KMn 

0.264332 

5 

46.9036 

0.25534 

2 

48.555 

Pi  KMm 

0.263577 

5 

47.0379 

0.25460 

2 

48.697 

02  if IVlI.III 

0.256923 

8 

48.256 

0.24816 

3 

49.959 

if  On, m 

0.255645 

7 

48.497 

0.24687 

3 

50.221 

05  ifMxv.V 

0.25275 

3 

49.052 

04  LiMn 

1.9255 

2 

6.4389 

1.8540 

2 

6.6871 

03  LiMm 

1.8867 

2 

6.5713 

1.8150 

2 

6.8311 

72  /-iA'ii 

1.5961 

2 

7.7677 

1.5331 

2 

8.087 

73  Z.iATin 

1.5903 

2 

7.7961 

1.5297 

2 

8.105 

74  LiOii.iii 

1.5439 

1 

8.0304 

1.4839 

2 

8.355 

v LnMi 

2.1315 

2 

5.8166 

2.0494 

1 

6.0495 

Pi  LnM rv 

1.9203 

2 

6.4564 

1.8468 

2 

6.7132 

75  LnNi 

1 . 7085 

2 

7.2566 

1.6412 

2 

7.5543 

7i  LnNix 

1.6574 

2 

7.4803 

1.5924 

2 

7.7858 

78  LnOi 

1.6346 

2 

7.5849 

1.5707 

2 

7.894 

76  LnOiv 

1.6282 

2 

7.6147 

1.5644 

2 

7.925 

l Z-hiMi 

2.3948 

2 

5.1772 

2.3122 

2 

5.3621 

ol2  /-iii-I/iv 

2.1315 

2 

5.8166 

2.0578 

2 

6.0250 

on  LniMy 

2.1209 

2 

5.8457 

2.0468 

2 

6.0572 

06  /niAri 

1.8737 

2 

6.6170 

1.8054 

2 

6.8671 

02.15  /-jiiAYv; 

v 1.8118 

2 

6.8432 

1.7455 

2 

7.1028 

Pi  LmOi 

1.7851 

2 

6.9453 

1.7203 

2 

7.2071 

Pi  LiuOivy 

1.7772 

2 

6.9763 

1.7130 

2 

7.2374 

010  /-il/ IV 

1.7993 

3 

6.890 

1.7315 

3 

7.160 

09  LiMv 

1.7916 

3 

6.920 

1 . 7240 

3 

7.192 

LiOivy 

1.4807 

3 

8.373 

7 MmAiv.v 

9.211 

9 

1.346 

8.844 

9 

1.402 

0 A/  ivA^vi 

10.750 

7 

1.1533 

10.254 

6 

1.2091 

r A/viVin 

14.22 

2 

0.872 

13.57 

2 

0.914 

a MvASn.vii 

10.96 

3 

1.131 

10.46 

3 

1.185 

iViv.vOnjii 

112.0 

6 

0.1107 

65  Terbium 

66  Dysprosium 

«2  if  /-II 

0.283423 

2 

43.7441 

0.274247 

2 

45.2078 

ai  KLm 

0.278724 

2 

44.4816 

0.269533 

2 

45.9984 

pKMn 

0.24683 

2 

50.229 

0.23862 

2 

51.957 

14 


Table  V ( Continued ) 


Desig- 

nation 

A* 

p.e. 

keV 

k* 

p.e. 

keV 

Desig- 

nation 

k* 

p.e. 

keV 

k* 

p.e. 

keV 

65  Terbium  {Cont.) 

66  Dysprosium  {Cont.) 

67  Holmium  {Cont.) 

68  Erbium  {Cont.) 

0i  KMm 

0.24608 

2 

50.382 

0.23788 

2 

52.119 

0io  Z-iMiv 

1.5486 

3 

8.006 

1.4941 

3 

8.298 

02  KNn.ni 

0.2397+ 

2 

51.72 

0.2317+ 

2 

53.51 

TiOrv.v 

1.3208 

3 

9.387 

KOu.iu 

0.23858 

3 

51.965 

0.23056 

3 

53.774 

09  L\My 

1.4855 

5 

8.346 

06  KMiv.v 

0.23618 

3 

52.494 

M nNrv 

7.60 

1 

1.632 

04  LiMu 

1.7864 

2 

6.9403 

1.72103 

7 

7.2039 

7 Min^iv.v 

7.865 

9 

1.576 

03  LlMlII 

1.7472 

2 

7.0959 

1.6822 

2 

7.3702 

7 3/m  v 

7.546 

8 

1.643 

72  TiA'n 

1.4764 

2 

8.398 

1.42278 

7 

8.7140 

0 

8.965 

4 

1.3830 

8.592 

3 

1.4430 

7*  LiNm 

1.4718 

2 

8.423 

1.41640 

7 

8.7532 

f MyNm 

11.86 

1 

1.0450 

11.37 

1 

1.0901 

74  TiOn.iu 

1.4276 

2 

8.685 

1.37459 

7 

9.0195 

a.  MyNy 1,  VII 

9.20 

2 

1.348 

8.82 

1 

1.406 

V LuMi 

1.9730 

2 

6.2839 

1.89743 

7 

6.5342 

iVivlVvi 

72.7 

9 

0.171 

0i  LnMrv 

1.7768 

3 

6.978 

1.71062 

7 

7.2477 

AVAVi.vii 

76.3 

7 

0.163 

7*  LnNi 

1.5787 

2 

7.8535 

1.51824 

7 

8.1661 

69  Thulium 

70  Ytterbium 

71  ^n^Vrv 

1.5303 

2 

8.102 

1.47266 

7 

8.4188 

78  TnOi 

1.5097 

2 

8.212 

a2  KLn 

0.249095 

2 

49.7726 

0.241424 

2 

51.3540 

7b  TnQrv 

1.5035 

2 

8.246 

1.44579 

7 

8.5753 

ai  KLiu 

0.244338 

2 

50.7416 

0.236655 

2 

52.3889 

/ LujMi 

2.2352 

2 

5.5467 

2.15877 

7 

5.7431 

0s  iO/n 

0.21636 

2 

57.304 

0.2096+ 

1 

59.14 

a-2  LuiMjy 

1.9875 

2 

6.2380 

1.91991 

3 

6.4577 

0i  KMm 

0.21556 

2 

57.517 

0.20884 

8 

59.37 

ai  LuMv 

1.9765 

2 

6.2728 

1.90881 

3 

6.4952 

02  KNuxu 

0.2098+ 

2 

59.09 

0.2033+ 

2 

60.98 

06  Tiii^i 

1.7422 

2 

7.1163 

1.68213 

7 

7.3705 

ADn.m 

0.20891 

2 

59.346 

0.20226 

2 

61.298 

02. is  TmTViv.v  1 ■ 6830 

2 

7.3667 

1.62369 

7 

7.6357 

06  KMiv,y 

0.21404 

2 

57.923 

0.20739 

2 

59.782 

07  TjnOi 

1.6585 

2 

7.4753 

1.60447 

7 

7.7272 

04  LjMu 

1.5448 

2 

8.026 

1.49138 

3 

8.3132 

06  TiiiOrv.v 

1.6510 

2 

7.5094 

1.58837 

7 

7.8055 

0s  Ti-Mni 

1.5063 

2 

8.231 

1.45233 

5 

8.5367 

0io  LiMiv 

1.6673 

3 

7.436 

1.60743 

9 

7.7130 

72  TiiVn 

1.2742 

2 

9.730 

1.22879 

7 

10.0897 

09  ZiMy 

1.59973 

9 

7.7501 

73  LiNm 

1.2678 

2 

9.779 

1.22232 

5 

10.1431 

TiOrv.v 

1.4228 

3 

8.714 

7<  TliOn.in 

1.2294 

2 

10.084 

1.1853 

1 

10.4603 

7 Afm^iv.v 

8.486 

9 

1.461 

8.144 

9 

1.522 

77  Tn-^i 

1.6963 

2 

7.3088 

1.63560 

5 

7.5802 

0 MryiVvi 

9.792 

6 

1.2661 

9.357 

6 

1.3250 

0i  TuAfrv 

1.5304 

2 

8.101 

1.47565 

5 

8.4018 

f IfviVm 

12.98 

2 

0.955 

12.43 

2 

0.998 

7s  inA'i 

1.3558 

2 

9.144 

1.3063 

1 

9.4910 

a MyNyiyii 

10.00 

2 

1.240 

9.59 

2 

1.293 

71  Tn-^rv 

1.3153 

2 

9.426 

1.26769 

5 

9.8701 

Nvr.vNvwn 

86. 

1 

0.144 

83. 

1 

0.149 

78  inOi 

1.24923 

5 

9.9246 

N ivy  On, 111 

102.2 

4 

0.1213 

97.2 

8 

0.128 

71  Z-nOiv 

1.2905 

2 

9.607 

1.24271 

3 

9.9766 

l LmMi 

1.9550 

2 

6.3419 

1.89415 

5 

6.5455 

67  Holmium 

68  Erbium 

<*2  TniMrv 

1.7381 

2 

7.1331 

1.68285 

5 

7.3673 

a%KLn 

0.265486 

2 

46.6997 

0.257110 

2 

48.2211 

«i  LnjMy 

1.7268+ 

2 

7.1799 

1.67189 

4 

7.4156 

ai  KLni 

0.260756 

2 

47.5467 

0.252365 

2 

49.1277 

06  LmNi 

1.5162 

2 

8.177 

1.4661 

1 

8.4563 

0j  KM11 

0.23083 

2 

53.711 

0.22341 

2 

55.494 

ft, i6  TniTViv.-v 

1.4640 

2 

8.468 

1.41550 

5 

8.7588 

0i  KMm 

0.23012 

2 

53.877 

0.22266 

2 

55.681 

07  TmOi 

1.3948 

1 

8.8889 

02  XWn.ra 

0.2241+ 

2 

55.32 

0.2167+ 

2 

57.21 

06  TmOrv.v 

1.4349 

2 

8.641 

1.38696 

7 

8.9390 

j^Dn.ni 

0.22305 

3 

55.584 

0.21581 

3 

57.450 

0io  LiMiv 

1.4410 

3 

8.604 

1.3915 

1 

8.9100 

05  KMxvy 

0.22855 

3 

54.246 

0.22124 

3 

56.040 

09  L\My 

1.4336 

3 

8.648 

1.3838 

1 

8.9597 

04  Z-iAfn 

1.6595 

2 

7.4708 

1.6007 

1 

7.7453 

UPi 

1.1886 

1 

10.4312 

03  TxMni 

1.6203 

2 

7.6519 

1.5616 

1 

7.9392 

LiOrvy 

1.2263 

3 

10.110 

1.1827 

1 

10.4833 

72  L{Nn 

1.3698 

2 

9.051 

1.3210 

2 

9.385 

LuMu 

1.58844 

9 

7.8052 

73  LiNm 

1.3643 

2 

9.087 

1.3146 

1 

9.4309 

LnOn.m 

1.2453 

1 

9.9561 

74  iaOn.m 

1.3225 

2 

9.374 

1.2752 

2 

9.722 

t LmMn 

1.83091 

9 

6.7715 

*7  LnMi 

1.8264 

2 

6.7883 

1.7566 

1 

7.0579 

LmOn.111 

1.3898 

1 

8.9209 

0i  LuMjy 

1.6475 

2 

7.5253 

1.5873 

1 

7.8109 

MmNi 

8.470 

9 

1.464 

76  LiijVi 

1.4618 

2 

8.481 

1.4067 

3 

8.814 

7 MjnNv 

7.024 

8 

1.765 

7i  LnNw 

1.4174 

2 

8.747 

1.3641 

2 

9.089 

0 MivlVVi 

8.249 

7 

1.503 

7.909 

2 

1.5675 

7s  TnOi 

1.3983 

2 

8.867 

r 

10.48 

1 

1.183 

76  TnOiv 

1.3923 

2 

8.905 

1.3397 

3 

9.255 

a AfyTVvi.vn 

8.48 

1 

1.462 

8.149 

5 

1.5214 

/ LmMi 

2.0860 

2 

5.9434 

2.015 

1 

6.152 

NjyNyi 

65.1 

7 

0.190 

«2  Z-mMiv 

1.8561 

2 

6.6795 

1.7955 

2 

6.9050 

NvNvi.vu 

69.3 

5 

0.179 

“l  LmMy 

1.8450 

2 

6.7198 

1.78425 

9 

6.9487 

06 

1.6237 

2 

7.6359 

1.5675 

2 

7.909 

71  Lutetium 

72  Hafnium 

ft, i6  ^m^iv.v  1 • 567 1 

2 

7.911 

1.51399 

9 

8.1890 

a<i  KLn 

0.234081 

2 

52.9650 

0.227024 

3 

54.6114 

07  ^xnOi 

1.4941 

3 

8.298 

on  KLm 

0.229298 

2 

54.0698 

0.222227 

3 

55.7902 

0s  ^mOrv.v 

1.5378 

2 

8.062 

1.4848 

3 

8.350 

0j  KMn 

0.20309+ 

4 

61.05 

0.19686+ 

4 

62.98 

15 


Table  V ( Continued ) 


Desig- 


Desig- 


nation 

A* 

p.e 

keV 

A* 

p.e 

keV 

71  Lutetium  ( Cont .) 

72  Hafnium  {Cont.) 

0i  KM m 

0.20231+ 

3 

61.283 

0. 19607 + 

3 

63.234 

02  KNii'iii 

0,1969f 

2 

62.97 

0.1908+ 

2 

64.98 

KOii.m 

0.19589 

2 

63.293 

06  KMjyy 

0.20084 

2 

61.732 

04  LiMn 

1.44056 

5 

8.6064 

1.39220 

5 

8.9054 

03  LiMin 

1.40140 

5 

8.8469 

1.35300 

5 

9.1634 

72  AiAii 

1.1853 

2 

10.460 

1.14442 

5 

10.8335 

7J  T-i^iii 

1.17953 

4 

10.5110 

1 . 13841 

5 

10.8907 

7r4  LiOn 

1.10376 

5 

11.2326 

74  AiOii.m 

1.1435 

1 

10.8425 

1.10303 

5 

11.2401 

77  LuMi 

1.5779 

1 

7.8575 

1.52325 

5 

8.1393 

0i  LuMzv 

1.42359 

3 

8.7090 

1.37410 

5 

9.0227 

76  Z-niVi 

1.2596 

1 

9.8428 

1.21537 

5 

10.2011 

7l  ^II^IV 

1.22228 

4 

10.1434 

1.17900 

5 

10.5158 

78  TnOi 

1.2047 

1 

10.2915 

1.16138 

5 

10.6754 

76  AnOiv 

1.1987 

1 

10.3431 

1.15519 

5 

10.7325 

l LmMi 

1.8360 

1 

6.7528 

1.78145 

5 

6.9596 

a2  LmMi\ 

1.63029 

5 

7.6049 

1.58046 

5 

7.8446 

«i  LmMiv 

1.61951 

3 

7.6555 

1.56958 

5 

7.8990 

06  Z-miVi 

1.4189 

1 

8.7376 

1.37410 

5 

9.0227 

0i5  Z-xniViv 

1.3715 

1 

9.0395 

1.32783 

5 

9.3371 

02  LmNy 

1.37012 

3 

9.0489 

1.32639 

5 

9.3473 

07  ^IIlOl 

1.34949 

5 

9.1873 

1.30564 

5 

9.4958 

05  LmOivy 

1.34183 

7 

9.2397 

1.29761 

5 

9.5546 

LiMi 

1.43025 

9 

8.6685 

0io  Z-xMiv 

1.3430 

2 

9.232 

1.29819 

9 

9.5503 

09  L\My 

1.3358 

1 

9.2816 

1.29025 

9 

9.6090 

LiNrv 

1.16227 

9 

10.6672 

1.12250 

9 

11.0451 

7u  Z.iAV 

1.16107 

9 

10.6782 

1.12146 

9 

11.0553 

TiOx 

1.10664 

9 

11.2034 

LiOiv 

1.10086 

9 

11.2622 

LnMn 

1.53333 

9 

8.0858 

1.48064 

9 

8.3735 

0i7  Z-nMiii 

1.43643 

9 

8.6312 

TniVv 

1.17788 

9 

10.5258 

v LnNvi 

1.15830 

9 

10.7037 

LuOii,iu 

1.2014 

1 

10.3198 

t LiuMn 

1.7760 

1 

6.9810 

1.72305 

9 

7.1954 

s LiuMiii 

1.66346 

9 

7.4532 

LmNu 

1.35887 

9 

9.1239 

LiiiNin 

1.35053 

9 

9.1802 

u LmNviyii 

1.30165 

9 

9.5249 

LiiiOiijii 

1.34524 

9 

9.2163 

MmNi 

7.887 

9 

1.572 

7 MiuNy 

6.768 

6 

1.832 

6.544 

4 

1.895 

9.686 

7 

1.2800 

0 MrviVvi 

7.601 

2 

1.6312 

7.303 

1 

1.6976 

r. 

9.686 

7 

1.2800 

a MyNyiyn 

7.840 

2 

1.5813 

7.539 

1 

1.6446 

NiyNyi 

63.0 

5 

0.197 

N\Ny i.vn 

65.7 

2 

0.1886 

73  Tantalum 

74  Tungsten 

®2  if  Z-II 

0.220305 

8 

56.277 

0.213828 

2 

57.9817 

ai  if  Z-m 

0.215497 

4 

57.532 

0.2090100  Std  59.31824 

0j  KMn 

0.190890 

2 

64.9488 

0.185181 

2 

66.9514 

0i  ifMin 

0. 190089 

4 

65.223 

0.184374 

2 

67.2443 

0211  ifiVxi 

0.185188 

9 

66.949 

0.17960 

1 

69.031 

021  ifiVm 

0.185011 

8 

67.013 

0.179421 

7 

69.101 

nation 

A* 

p.e. 

keV 

A* 

p.e. 

keV 

73  Tantalum 

{Cont.) 

74  Tungsten  {Cont.) 

KOu.m 

0.184031 

7 

67.370 

0.178444 

5 

69.479 

KLi 

0.21592 

4 

57.42 

05n  KMiy 

0.188920 

6 

65.626 

0.183264 

5 

67.652 

0b1  KMy 

0.188757 

6 

65.683 

0.183092 

7 

67.715 

04  KNjyy 

0.18451 

1 

67.194 

0.17892 

2 

69.294 

04  LiMn 

1.34581 

3 

9.2124 

1.30162 

5 

9.5252 

03  LiMni 

1.30678 

3 

9.4875 

1.26269 

5 

9.8188 

72  LiNn 

1 . 1053 

1 

11.217 

1.06806 

3 

11.6080 

73  LiNiu 

1.09936 

4 

11.2776 

1.06200 

6 

11.6743 

y\  LiOu 

1.06544 

3 

11.6366 

1.02863 

3 

12.0530 

74  LiOiu 

1.06467 

3 

11.6451 

1.02775 

3 

12.0634 

v LnMi 

1.47106 

5 

8.4280 

1.42110 

3 

8.7243 

0i  LnMrv 

1.32698 

3 

9.3431 

1.281809 

9 

9.67235 

75  LuNi 

1.1729 

1 

10.5702 

1.13235 

3 

10.9490 

7i  LnN iv 

1.13794 

3 

10.8952 

1.09855 

3 

11.2859 

78  LnOi 

1.1205 

1 

11.0646 

1.08113 

4 

11.4677 

7e  LuOrv 

1.11388 

3 

11.1306 

1.07448 

5 

11.5387 

l LmMi 

1 . 72841 

5 

7.1731 

1.6782 

1 

7.3878 

«2  LmMiy 

1.53293 

2 

8.0879 

1.48743 

2 

8.3352 

<*l  LmMy 

1.52197 

2 

8.1461 

1.47639 

2 

8.3976 

06  LinNi 

1.33094 

8 

9.3153 

1.28989 

7 

9.6117 

015  LniNiy 

1.28619 

5 

9.6394 

1.24631 

3 

9.9478 

02  LmNy 

1.28454 

2 

9.6518 

1.24460 

3 

9.9615 

07  i-IIlOj 

1.26385 

5 

9.8098 

1.22400 

4 

10.1292 

05  ^IIlOlV.V 

1.2555 

1 

9.8750 

1.21545 

3 

10.2004 

LiMi 

1.3365 

3 

9.277 

010  LiMiy 

1.2537 

2 

9.889 

1.21218 

3 

10.2279 

09  LiMy 

1.2466 

2 

9.946 

1.20479 

7 

10.2907 

LiNi 

1.11521 

9 

11.1173 

UNiy 

1.08377 

7 

11.4398 

1.0468 

2 

11.844 

7ll  LiNy 

1.08205 

7 

11.4580 

1.0458 

1 

11.856 

LlNyiyu 

1.06357 

9 

11.6570 

LiOi 

1.06771 

9 

11.6118 

1.0317 

3 

12.017 

L\Oiyy 

1.06192 

9 

11.6752 

1.0250 

2 

12.095 

LuMu 

1.43048 

9 

8.6671 

017  7-iiMni 

1.3864 

1 

8.9428 

1.3387 

2 

9.261 

LuMy 

1.31897 

9 

9.3998 

1.2728 

2 

9.741 

LuNn 

1.1600 

2 

10.688 

1.1218 

3 

11.052 

LnNm 

1.1553 

1 

10.7316 

1.1149 

2 

11.120 

LnNy 

1 . 13687 

9 

10.9055 

V LnNyi 

1.1158 

1 

11.1113 

1.0771 

1 

11.510 

LnOu 

1.11789 

9 

11.0907 

/-•iiOiii 

1.11693 

9 

11.1001 

1.0792 

2 

11.488 

t LuiMn 

1.67265 

9 

7.4123 

1.6244 

3 

7.632 

s LniMin 

1.61264 

9 

7.6881 

1.5642 

3 

7.926 

LmNu 

1.3167 

1 

9.4158 

1.2765 

2 

9.712 

LiaNiii 

1.3086 

1 

9.4742 

1.2672 

2 

9.784 

U LniNyiyn 

1.25778 

4 

9.8572 

1.21868 

5 

10.1733 

AiiiOii.ni 

1.2601 

3 

9.839 

1.2211 

2 

10.153 

MiNm 

5.40 

2 

2.295 

5.172 

9 

2.397 

3/i0n,in 

4.44 

2 

2.79 

MnNi 

6.28 

2 

1.973 

MnNiy 

5.570 

4 

2.226 

5.357 

4 

2.314 

MmNi 

7.612 

9 

1.629 

7.360 

8 

1.684 

MmNiy 

6.353 

5 

1.951 

6.134 

4 

2.021 

7 MiiiAv 

6.312 

4 

1.964 

6.092 

3 

2.035 

MmOi 

5.83 

2 

2.126 

5.628 

8 

2.203 

MmOyy 

5.67 

3 

2.19 
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Table  V ( Continued ) 


Desig- 

nation 

A* 

p.e. 

keV 

A* 

p.e. 

keV 

Desig- 

nation 

A* 

p.e. 

keV 

A* 

p.e. 

keV 

73  Tantalum  (Coni.) 

74  Tungsten  (Coni.) 

75  Rhenium  (Cont.) 

76  Osmium  (Cont.) 

h MxyNn 

9.330 

5 

1.3288 

8.993 

5 

1.3787 

LjjMy 

1.2305 

1 

10.0753 

1.18977 

7 

10.4205 

MtjNui 

8.90 

2 

1.393 

8.573 

8 

1.446 

LnNn 

1.0839 

1 

11.438 

P MivNyi 

7.023 

1 

1.7655 

6.757 

1 

1.8349 

LnNni 

1.0767 

1 

11.515 

1.03973 

5 

11.9243 

MivOu 

7.09 

2 

1.748 

6.806 

9 

1.822 

v LnNyj 

1.0404 

1 

11.917 

1.0050 

2 

12.337 

fi  M\Nm 

9.316 

4 

1.3308 

8.962 

4 

1.3835 

LuOm 

1.0397 

1 

11.925 

1.0047 

2 

12.340 

a MvN\i,\n 

7.252 

1 

1.7096 

t LwMn 

1.5789 

1 

7.8525 

1.5347 

2 

8.079 

«2  MyNy i 

6.992 

2 

1.7731 

s LiuM xn 

1.5178 

1 

8.1682 

1.4735 

2 

8.414 

ai  MyNy u 

6.983 

1 

1.7754 

Lm  -Nx 

1.20086 

7 

10.3244 

M\Om 

7.30 

2 

1.700 

7.005 

9 

1.770 

£m/Vm 

1.2283 

1 

10.0933 

Nn^rv 

54.0 

2 

0.2295 

u LjnNy i.vii 

1.1815 

1 

10.4931 

1.14537 

7 

10.8245 

NrvNyi 

58.2 

1 

0.2130 

55.8 

1 

0.2221 

MiNni 

4.79 

2 

2.59 

NyNy t.vii 

61.1 

2 

0.2028 

MjjNi 

5.81 

2 

2.133 

NyNyj 

59.5 

3 

0.208 

MuNjv 

4.955 

4 

2.502 

NyNyu 

58.4 

1 

0.2122 

MmN ! 

6.89 

2 

1.798 

MiuNw 

5.931 

5 

2.090 

5.724 

5 

2.166 

75  Rhenium 

76  Osmium 

y MuiNy 

5.885 

2 

2.1067 

5.682 

4 

2.182 

&2  K Ln 

0.207611 

1 

59.7179 

0.201639 

2 

61.4867 

'(2  MxvAtii 

HJ  AT 

8.664 

O 0*20 

5 

1.4310 

8.359 

5 

1.4831 

0.202781 

2 

61 . 1403 

0.196794 

2 

63.0005 

miWViii 

0.  ZJy 

O 

1 . 0U0 

0.179697 

3 

68.994 

0.174431 

3 

71.077 

P AfxvAVi 

6.504 

1 

1.9061 

6.267 

1 

1.9783 

/3i  KMjjj 

0.178880 

3 

69.310 

0.173611 

3 

71.413 

fl  MyN III 

8.629 

4 

1.4368 

8.310 

4 

1.4919 

p2u  KNU 

0.17425 

1 

71.151 

0.16910 

1 

73.318 

a MylSy  1, VII 

6.729 

1 

1.8425 

6.490 

1 

1.9102 

P21  KNyn 

0.174054 

6 

71.232 

0.168906 

6 

73.402 

/VrvA'vi 

51.9 

1 

0.2388 

KOu.ni 

0.17308 

1 

71.633 

0.16798 

1 

73.808 

A'vA'vi.vii 

54.7 

2 

0.2266 

PiU  KMfy 

0.17783 

1 

69.719 

0.17262 

1 

71.824 

pi1  KMv 

0.17766 

1 

69.786 

0.17245 

1 

71.895 

77  Iridium 

78  Platinum 

Pi  KNjyy 

0.17362 

2 

71.410 

0.16842 

2 

73.615 

Pi  LiMji 

1.25917 

5 

9.8463 

1.21844 

5 

10.1754 

<*2  K Ln 

0.195904 

2 

63.2867 

0.190381 

4 

65.122 

Pi  LiMm 

1.22031 

5 

10.1598 

1.17955 

7 

10.5108 

ari  KLin 

0.191047 

2 

64.8956 

0.185511 

4 

66.832 

72  LiNu 

1.03233 

5 

12.0098 

0.99805 

5 

12.4224 

p3  KM  11 

0.169367 

2 

73.2027 

0.164501 

3 

75.368 

7a 

1.02613 

7 

12.0824 

0.99186 

5 

12.4998 

Pi  KMm 

0.168542 

2 

73.5608 

0.163675 

3 

75.748 

7 '4  LiOa 

0.99334 

5 

12.4813 

0.96033 

8 

12.910 

P211  KNU 

0.16415 

1 

75.529 

0.15939 

1 

77.785 

74  LiOm 

0.99249 

5 

12.4920 

0.95938 

8 

12.923 

Pi1  KNuj 

0.163956 

7 

75.619 

0.15920 

1 

77.878 

V LjiMi 

1.37342 

5 

9.0272 

1.32785 

7 

9.3370 

KOn.m 

0.163019 

5 

76.053 

0.15826 

1 

78.341 

Pi  LnMiv 

1.23858 

2 

10.0100 

1.19727 

7 

10.3553 

pin  KM\y 

0. 16759 

2 

73.980 

0.16271 

2 

76.199 

7s  LuNi 

1.09388 

5 

11.3341 

1.05693 

5 

11.7303 

pi1  KMy 

0. 167373 

9 

74.075 

0.16255 

3 

76.27 

7i  LuNry 

1.06099 

5 

11.6854 

1.02503 

5 

12.0953 

Pi  KNfyy 

0.16352 

2 

75.821 

0.15881 

2 

78.069 

78  LnOi 

1.04398 

5 

11.8758 

1.00788 

5 

12.3012 

Pi  L\M\\ 

1.17958 

3 

10.5106 

1 . 14223 

5 

10.8543 

7e  TnOrv 

1.03699 

9 

11.956 

1.00107 

5 

12.3848 

Pi  LiMui 

1 . 14085 

3 

10.8674 

1.10394 

5 

11.2308 

l J-mMi 

1.63056 

5 

7.6036 

1.58498 

7 

7.8222 

72  L\Nu 

0.96545 

3 

12.8418 

0.93427 

5 

13.2704 

a-2  LujMiv 

1.44396 

5 

8.5862 

1.40234 

5 

8.8410 

73  LiNm 

0.95931 

5 

12.9240 

0.92791 

5 

13.3613 

ai  LjuMy 

1.43290 

4 

8.6525 

1.39121 

5 

8.9117 

y'i  LiOn 

0.92831 

3 

13.3555 

0.89747 

4 

13.8145 

Pa  LiuNi 

1.25100 

5 

9.9105 

1.21349 

5 

10.2169 

74  LiOm 

0.92744 

3 

13.3681 

0.89659 

4 

13.8281 

Pu  LmNrv 

1.20819 

5 

10.2617 

1.17167 

5 

10.5816 

V L\iM\ 

1.28448 

3 

9.6522 

1.2429 

2 

9.975 

Pi  LmN\ 

1 . 20660 

4 

10.2752 

1 . 16979 

8 

10.5985 

Pi  LnMiy 

1.15781 

3 

10.7083 

1.11990 

2 

11.0707 

Pi  LixiOj 

1.18610 

5 

10.4529 

1 . 14933 

8 

10.7872 

76  LuNi 

1.02175 

5 

12.1342 

0.9877 

2 

12.552 

Pi  LmOrv.y 

1.17721 

5 

10.5318 

1.1405 

1 

10.8711 

7i  T-uA^rv 

0.99085 

3 

12.5126 

0.95797 

3 

12.9420 

pio  LjMjy 

1.17218 

5 

10.5770 

1.13353 

5 

10.9376 

78  LiiO\ 

0.97409 

3 

12.7279 

0.9411 

1 

13.173 

P2  L\M\ 

1.16487 

4 

10.6433 

1.12637 

6 

11.0071 

76  LnOrv 

0.96708 

4 

12.8201 

0.9342 

2 

13.271 

LiNx 

1.0420 

1 

11.899 

l UuMj 

1.54094 

3 

8.0458 

1.4995 

2 

8.268 

LiNrv 

1.0119 

1 

12.252 

0.9772 

3 

12.687 

0C2  rv 

1.36250 

5 

9.0995 

1.32432 

2 

9.361S 

7n  L\ Ny 

1.0108 

1 

12.266 

0.9765 

3 

12.696 

ai  Ln\My 

1.35128 

3 

9.1751 

1.31304 

3 

9.4423 

L1O1 

0.9965 

1 

12.442 

0.96318 

7 

12.8721 

Pi  LmNi 

1.17796 

3 

10.5251 

1 . 14355 

5 

10.841S 

LiOjv.v 

0.9900 

1 

12.524 

0.95603 

5 

12.9683 

Pli  L\uN rv 

1.13707 

3 

10.9036 

Li\Mn 

1.3366 

1 

9.2761 

1.2934 

2 

9.586 

Pi  LniNy 

1 . 13532 

3 

10.9203 

1 . 10200 

3 

11.2505 

Pn  LnMjn 

1.2927 

1 

9.5910 

1.2480 

2 

9.934 

Pi  LmOi 

1.11489 

3 

11.1205 

1.08168 

3 

11.4619 
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Table  V ( Continued ) 


Desig- 


nation 

A* 

p.e. 

keV 

A* 

p.e. 

keV 

77  Iridium  ( Cont .) 

78  Platinum  {Cont.) 

ft  imOn'.v 

1.10585 

3 

11.2114 

1.0724 

2 

11.561 

LiMi 

1.2102 

2 

10.245 

1 . 16962 

9 

10.6001 

fto  L\Mi\ 

1.09702 

4 

11.3016 

1.06183 

7 

11.6762 

09  LjMy 

1.08975 

5 

11.3770 

1.05446 

5 

11.7577 

LiNt 

0.9766 

2 

12.695 

0.9455 

2 

13.113 

L\Nxw 

0.9459 

2 

13.108 

7n  LjNy 

0.9446 

2 

13.126 

0.9143 

2 

13.560 

LiOjyy 

0.9243 

3 

13.413 

LiOi 

0.8995 

2 

13.784 

Z-xOrv 

0.8943 

1 

13.864 

L\Oy 

0.8934 

1 

13.878 

LnMn 

1.2502 

3 

9.917 

1.213 

1 

10.225 

017  illMlII 

1.2069 

2 

10.273 

1.1667 

1 

10.6265 

L\iM\ 

1 . 1489 

2 

10.791 

1.1129 

2 

11.140 

LnNu 

1.0120 

2 

12.251 

0.9792 

2 

12.661 

LnNjn 

1.0054 

3 

12.332 

0.97173 

4 

12.7588 

V LjxNyi 

0.97161 

6 

12.7603 

0.93931 

5 

13.1992 

LnOni 

0.96979 

5 

12.7843 

t LuiMii 

1.4930 

3 

8.304 

1.4530 

2 

8.533 

s LiaMiii 

1.4318 

2 

8.659 

1.3895 

2 

8.923 

hnNn 

1 . 16545 

5 

10.6380 

1.1310 

2 

10.962 

LmNxa 

1.1560 

3 

10.725 

1.1226 

2 

11.044 

U LniNyiyn 

1.11145 

4 

11.1549 

1.07896 

5 

11.4908 

LmOn.m 

1 . 10923 

6 

11.1772 

1.0761 

3 

11.521 

MiNui 

4.631* 

9 

2.677 

4.460 

9 

2.780 

MuNxv 

4.780 

4 

2.594 

4.601 

4 

2.695 

MmNi 

6.669 

9 

1.859 

6.455 

9 

1.921 

MinNiv 

5.540 

5 

2.238 

5.357 

5 

2.314 

y Mi  i N\ 

5.500 

4 

2.254 

5.319 

4 

2.331 

MmOi 

4.876 

9 

2.543 

MmOrv  v 

4.869 

9 

2.546 

4.694 

8 

2.641 

^2  AfivA^n 

8.065 

5 

1.5373 

7.790 

5 

1.592 

M iviVin 

7.645 

8 

1.622 

7.371 

8 

1.682 

0 MrvNyi 

6.038 

1 

2.0535 

5.828 

1 

2.1273 

fi  MwNm 

8.021 

4 

1.5458 

7.738 

4 

1.6022 

a.2  MyNy i 

6.275 

3 

1.9758 

6.058 

3 

2.047 

a\  M\N\n 

6.262 

1 

1.9799 

6.047 

1 

2.0505 

MyOni 

5.987 

9 

2.071 

NwNv  i 

50.2 

1 

0.2470 

48.1 

2 

0.258 

NyN\iyn 

52.8 

1 

0.2348 

50.9 

1 

0.2436 

79  Gold 

80  Mercury 

cx2  KLn 

0.185075 

2 

66.9895 

0.179958 

3 

68.895 

«i  KL\u 

0.180195 

2 

68.8037 

0.175068 

3 

70.819 

03  KMu 

0.159810 

2 

77.580 

0.155321 

3 

79.822 

0:  Ofm 

0. 158982 

3 

77.984 

0.154487 

3 

80.253 

0211  isTiVii 

0.15483 

2 

80.08 

0.15040 

2 

82.43 

021  KNin 

0.154618 

9 

80.185 

0.15020 

2 

82.54 

KOji'in 

0.153694 

7 

80.667 

0.14931 

2 

83.04 

KLj 

0.18672 

4 

66.40 

0s11  KMvf 

0.158062 

7 

78.438 

061  KMy 

0.157880 

5 

78.529 

05  A'Afrv.v 

0.15353 

2 

80.75 

04  KNwy 

0.154224 

5 

80.391 

0.14978 

2 

82.78 

04  iiMn 

1.10651 

3 

11.2047 

1.07222 

7 

11.5630 

0i  LiAfni 

1.06785 

9 

11.6103 

1.03358 

7 

11.9953 

Desig- 


nation 

A* 

p.e. 

keV 

A* 

p.e. 

keV 

79  Gold 

{Cont.) 

80  Mercury 

{Cont.) 

72  LiNn 

0.90434 

3 

13.7095 

0.87544 

7 

14.162 

73  LiNm 

0.89783 

5 

13.8090 

0.86915 

7 

14.265 

y\  7-x  On 

0.86816 

4 

14.2809 

0.84013 

7 

14.757 

74  LiOm 

0.86703 

4 

14.2996 

0.83894 

7 

14.778 

i)  LuMi 

1.20273 

3 

10.3083 

1.1640 

1 

10.6512 

0i  LnMix 

1.08353 

3 

11.4423 

1.04868 

5 

11.8226 

76  LnNi 

0.95559 

3 

12.9743 

0.92453 

7 

13.410 

7i  TnTVrv 

0.92650 

3 

13.3817 

0.89646 

5 

13.8301 

78  7-nOi 

0.90989 

5 

13.6260 

0.87995 

7 

14.090 

76  T-iiOiv 

0.90297 

3 

13.7304 

0.87319 

7 

14.199 

/ LmMi 

1.45964 

9 

8.4939 

1.4216 

1 

8.7210 

<*2  LinM xv 

1.28772 

3 

9.6280 

1.25264 

7 

9.8976 

£*1  Z-ixiMy 

1.27640 

3 

9.7133 

1.24120 

5 

9.9888 

06  7-niTVi 

1.11092 

3 

11.1602 

1.07975 

7 

11.4824 

0i6  2-miVrv 

1.07188 

5 

11.5667 

1.04151 

7 

11.9040 

02  7,in  AV 

1.07022 

3 

11.5847 

1.03975 

7 

11.9241 

07  7-inOi 

1.04974 

8 

11.8106 

1.01937 

7 

12.1625 

06  AmOiv.v 

1.04044 

3 

11.9163 

1.00987 

7 

12.2769 

7xMx 

1.13525 

5 

10.9210 

1.0999 

2 

11.272 

010  LiM\y 

1.02789 

7 

12.0617 

0.9962 

2 

12.446 

09  L\My 

1.02063 

7 

12.1474 

0.9874 

2 

12.560 

LiNi 

0.9131 

1 

13.578 

0.8827 

2 

14.045 

LjNiy 

0.88563 

7 

13.999 

7n  T-iAV 

0.88433 

7 

14.020 

0.85657 

7 

14.474 

T-i  Oi 

0.87074 

5 

14.2385 

0.8452 

2 

14.670 

T-iOiv.v 

0.86400 

5 

14.3497 

0.8350 

2 

14.847 

LnMn 

1.1708 

1 

10.5892 

1.1387 

5 

10.888 

0n  7-iiMiii 

1.12798 

5 

10.9915 

1.0916 

5 

11.358 

7-n  A/ v 

1.0756 

2 

11.526 

LnNm 

0.9402 

2 

13.186 

0.90894 

7 

13.640 

v LnNvi 

0.90837 

5 

13.6487 

0.87885 

7 

14.107 

LnOn 

0.90746 

7 

13.662 

0.8784 

1 

14.114 

LnOm 

0.90638 

7 

13.679 

0.8758 

1 

14.156 

t LniMn 

1.41366 

7 

8.7702 

1.3746 

2 

9.019 

s LmMni 

1.35131 

7 

9.1749 

1.3112 

2 

9.455 

LmNn 

1.09968 

7 

11.2743 

1.0649 

2 

11.642 

7m7V in 

1.09026 

7 

11.3717 

1.0585 

1 

11.713 

u LmNyiyn 

1.04752 

5 

11.8357 

u'  LnjNyi 

1.01769 

7 

12.1826 

u LnjNyn 

1.01674 

7 

12.1940 

LmOn.m 

1.0450 

2 

11.865 

LmOn 

1.01558 

7 

12.2079 

LmOin 

1.01404 

7 

12.2264 

LnjPn.m 

1.03876 

7 

11.9355 

MiNni 

4.300 

9 

2.883 

MnNxv 

4.432 

4 

2.797 

MmNi 

6.259 

9 

1.981 

6.09 

2 

2.036 

MniNnr 

5.186 

5 

2.391 

7 MmNy 

5.145 

4 

2.410 

4.984+ 

2 

2.4875 

MmOi 

4.703 

9 

2.636 

MmOrvy 

4.522 

6 

2.742 

MrvNn 

7.523 

5 

1.648 

MjyNni 

7.101 

8 

1.746 

6.87 

2 

1.805 

0 Mp/Nyi 

5.624 

1 

2.2046 

5.4318* 

9 

2.2825 

fi  MyNm 

7.466 

4 

1.6605 

«2  MyNyi 

5.854 

3 

2.118 

18 


Table  V ( Continued ) 


Desig- 
nation A*  p.e.  keV  A*  p.e.  keV 


79  Gold  ( Cont .)  80  Mercury  ( Cont .) 


ai  MyNyu 

5.840 

1 

2.1229 

5.6476f 

9 

2.1953 

MvOin 

5.767 

9 

2.150 

NiyNvi 

46.8 

2 

0.265 

45. 2f 

3 

0.274 

NyNyjyn 

49.4 

1 

0.2510 

47. 9^ 

3 

0.259 

81  Thallium 

82  Lead 

«2  K Ln 

0.175036 

2 

70.8319 

0.170294 

2 

72.8042 

on  K Lin 

0.170136 

2 

72.8715 

0.165376 

2 

74.9694 

Pi  KMn 

0.150980 

6 

82.118 

0.146810 

4 

84.450 

pi  KMiu 

0.150142 

5 

82.576 

0.145970 

6 

84.936 

Pin  KNn 

0.14614 

1 

84.836 

0.14212 

2 

87.23 

P21  KNU1 

0.14595 

1 

84.946 

0.14191 

1 

87.364 

K 0u, in 

0.14509 

1 

85.451 

0.141012 

8 

87.922 

KP 

0.1408 

1 

88‘.  06 

Pb  KMiy,y 

0.14917 

1 

83.114 

pbu  KMz\ 

0.14512 

2 

85.43 

Pi1  KMV 

0.14495 

3 

85.53 

Pi  KNjy,y 

0.14553 

2 

85.19 

0.14155 

3 

87.59 

Pi  LiMn 

1.03918 

3 

11.9306 

1.0075 

1 

12.306 

P3  LiMiu 

1.00062 

3 

12.3904 

0.96911 

7 

12.7933 

72  LiNn 

0.84773 

5 

14.6251 

0.8210 

2 

15.101 

7a  LiNm 

0.84130 

4 

14.7368 

0.8147 

1 

15.218 

y't  LiOn 

0.81308 

5 

15.2482 

0.78706 

7 

15.752 

74  LiOm 

0.81184 

5 

15.2716 

0.7858 

1 

15.777 

77  LnMi 

1.12769 

3 

10.9943 

1.09241 

7 

11.3493 

Pi  LuMjv 

1.01513 

4 

12.2133 

0.98291 

3 

12.6137 

75  LnNi 

0.89500 

4 

13.8526 

0.86655 

5 

14.3075 

7l  LnNiy 

0.86752 

3 

14.2915 

0.83973 

3 

14.7644 

7s  LuOi 

0.8513 

2 

14.564 

0.82365 

5 

15.0527 

7«  LxiOi\ 

0.8442 

2 

14.685 

0.81683 

5 

15.1783 

TnPi 

0.81583 

5 

15.1969 

l LmMi 

1.38477 

3 

8.9532 

1.34990 

7 

9.1845 

oti  LmM rv 

1.21875 

3 

10.1728 

1.18648 

5 

10.4495 

on  LiuMv 

1.20739 

4 

10.2685 

1.17501 

2 

10.5515 

Pb  LinNi 

1.04963 

5 

11.8118 

1.0210 

1 

12.143 

Pn  Lm Nj\ 

1.01201 

3 

12.2510 

0.98389 

7 

12.6011 

Pi  ThiA7v 

1.01031 

3 

12.2715 

0.98221 

7 

12.6226 

Pi  TmOi 

0.99017 

5 

12.5212 

0.9620 

1 

12.888 

Pb  TinOrv.v 

0.98058 

3 

12.6436 

0.9526 

1 

13.015 

L1M1 

1.0644 

2 

11.648 

1.0323 

2 

12.010 

Pm  LiMrv 

0.96389 

7 

12.8626 

0.9339 

2 

13.275 

Pi  LiM\ 

0.95675 

7 

12.9585 

0.9268 

1 

13.377 

L1N1 

0.8549 

1 

14.503 

0.82859 

7 

14.963 

LiNjy 

0.83001 

7 

14.937 

0.80364 

7 

15.427 

7n  LiN\ 

0.82879 

5 

14.9593 

0.80233 

9 

15.453 

AiiVVi.vii 

0.7884 

1 

15.725 

Z-1O1 

0.8158 

1 

15.198 

0.7897 

1 

15.699 

LiOrv.v 

0.80861 

5 

15.3327 

0.78257 

7 

15.843 

LnMn 

1.0997 

1 

11.274 

1.0644 

2 

11.648 

Pn  LjjMiu 

1.05609 

7 

11.7397 

1.0223 

1 

12.127 

LnMy 

1.00722 

5 

12.3093 

0.9747 

1 

12.720 

LnNn 

0.882 

2 

14.057 

0.8585 

3 

14.442 

Desig- 


nation 

A* 

p.e 

keV 

A* 

p.e. 

keV 

81  Thallium  ( Cont .) 

82  Lead  {Cont.) 

LuNin 

0.87996 

5 

14.0893 

0.85192 

7 

14.553 

LuNy 

0.8382 

2 

14.791 

V LnNyi 

0.85048 

5 

14.5777 

0.82327 

7 

15.060 

L11O11 

0.8490 

1 

14.604 

7-iiOjji 

0.8200 

1 

15.120 

t LniMn 

1.34154 

5 

9.2417 

1.30767 

7 

9.4811 

s LuiMiu 

1.27807 

5 

9.7007 

1.24385 

7 

9.9675 

Lilian 

1.01040 

7 

12.2705 

LmArm 

1.0286 

1 

12.053 

1.0005 

1 

12.392 

u LniNyiyn  0.9888 

1 

12.538 

0.96133 

7 

12.8968 

LmOii 

0.98738 

5 

12.5566 

0.9586 

1 

12.934 

LiuOin 

0.98538 

5 

12.5820 

0.9578 

1 

12.945 

LjiiP 11,  m 

0.97926 

5 

12.6607 

0.95118 

7 

13.0344 

MiNm 

4.013 

9 

3.089 

3.872 

9 

3.202 

MnNi 

4.655 

8 

2.664 

MnNiy 

4.116 

4 

3.013 

3.968 

5 

3.124 

MinNi 

5.884 

8 

2.107 

5.704 

8 

2.174 

MiuNry 

4.865 

5 

2.548 

4.715 

3 

2.630 

~Y  MmNy 

4.823 

4 

2.571 

4.674 

1 

2.6527 

MmOi 

4.244 

9 

2.921 

M nOiv.v 

4.216 

6 

2.941 

4.069 

6 

3.047 

AfjvA'n 

7.032 

5 

1.763 

6.802 

5 

1.823 

MiyNin 

6.384 

7 

1.942 

P MiyNyi 

5.249 

1 

2.3621 

5.076 

1 

2.4427 

MiyOn 

5.196 

9 

2.386 

5.004 

9 

2.477 

fl  My N in 

6.974 

4 

1.778 

6.740 

3 

1.8395 

<X2  MyNyi 

5.472 

2 

2.2656 

5.299 

2 

2.3397 

ai  MyNyu 

5.460 

1 

2.2706 

5.286 

1 

2.3455 

My  Oni 

5.168 

9 

2.399 

AT IV  Arvi 

42.3 

2 

0.293 

AVA^vi.vii 

46.5 

2 

0.267 

45.0 

1 

0.2756 

A\q0IV 

115.3 

2 

0.1075 

102.4 

1 

0.1211 

A^viOv 

113.0 

1 

0.10968 

100.2 

2 

0.1237 

ATviiOv 

117.7 

1 

0.10530 

104.3 

1 

0.1189 

83  Bismuth 

84  Polonium 

0:2  K Lu 

0.165717 

2 

74.8148 

O-IOISO1- 

1 

76.862 

ai  KLui 

0.160789 

2 

77.1079 

0. 15636f 

1 

79.290 

Pi  KMn 

0.142779 

7 

86.834 

0. 13892 f 

2 

89.25 

Pi  KMni 

0.141948 

3 

87.343 

0. 13807 + 

2 

89.80 

P211  KNn 

0.13817 

1 

89.733 

0. 13438 + 

2 

92.26 

P21  KNm 

0.13797 

1 

89.864 

0. 13418+ 

2 

92.40 

KOu,  m 

0.13709 

1 

90.435 

Pb  KMrvy 

0.14111 

1 

87.860 

Pi  KNiyy 

0.13759 

2 

90.11 

Pi  LiMn 

0.97690 

4 

12.6912 

0.9475 

3 

13.086 

Pi  LiMm 

0.93855 

3 

13.2098 

0.9091 

3 

13.638 

72  LiNn 

0.79565 

3 

15.5824 

0.772 

1 

16.07 

y%  LiNm 

0.78917 

5 

15.7102 

y'i  Li  On 

0.76198 

3 

16.2709 

74  LiOm 

0.76087 

3 

16.2947 

713  LiPii.m 

0.75690 

3 

16.3802 

V LnMi 

1.05856 

3 

11.7122 

Pi  LnMiy 

0.951978 

9 

13.0235 

0.9220 

2 

13.447 

76  LnNi 

0.83923 

5 

14.7732 
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Table  V ( Continued ) 


Desig- 

nation 

A* 

p.e. 

keV 

A* 

p.e. 

keV 

Desig- 

nation 

A*  p.e. 

keV 

A* 

p.e. 

keV 

83  Bismuth  (Cow/.) 

84  Pononium  (Cow/.) 

85  Astatine 

86  Radon 

7i  LnNiv 

0.81311 

2 

15.2477 

0.78748 

9 

15.744 

«2  KL\i 

0.15705+  2 

78.95 

0.15294+ 

3 

81.07 

78  LuOi 

0.7973 

1 

15.551 

ai  KLjji 

0.15210+  2 

81.52 

0.14798+ 

3 

83.78 

76  LuOjy 

0.79043 

3 

15.6853 

0.7645 

2 

16.218 

0i  KMU 

0.13517+  4 

91.72 

0.13155+ 

5 

94.24 

l LinMi 

1.31610 

7 

9.4204 

1.2829 

5 

9.664 

0i  KMui 

0.13432+  4 

92.30 

0.13069+ 

5 

94.87 

«2  LmMrv 

1.15536 

1 

10.73091 

1.12548t 

5 

11.0158 

02u  KNU 

0.13072+  4 

94.84 

0.12719+ 

5 

97.47 

«i  LinMv 

1 . 14386 

2 

10.8388 

1.11386 

4 

11.1308 

021  KNm 

0.13052+  4 

94.99 

0.12698+ 

5 

97.64 

06  LiuNi 

0.99331 

3 

12.4816 

0.9672 

2 

12.819 

03  LiMm 

0.88135+  9 

14.067 

0.85436+ 

9 

14.512 

016  ^III^IV 

0.95702 

5 

12.9549 

0.9312 

2 

13.314 

0i  LnMxv 

0.89349+  9 

13.876 

0.86605+ 

9 

14.316 

02  LiuNy 

0.95518 

4 

12.9799 

0.92937 

5 

13.3404 

7i  LjjNrv 

0.76289+  9 

16.251 

0.73928+ 

9 

16.770 

07  LmOi 

0.93505 

5 

13.2593 

«2  LtnMjy 

1.09671+  5 

11.3048 

1.06899+ 

5 

11.5979 

06  CniQrv.v 

0.92556 

3 

13.3953 

0.8996 

2 

13.782 

ai  LixiMy 

1.08500+  5 

11.4268 

1.05723+ 

5 

11.7270 

Li  Mi 

1.0005 

9 

12.39 

010  LiMiy 

0.90495 

4 

13.7002 

87  Francium 

88  Radium 

00  LjMy 

0.89791 

3 

13.8077 

LiNi 

0.8022 

1 

15.456 

«2  K Lji 

0.14896+  3 

83.23 

0.14512+ 

2 

85.43 

LiNjv 

0.7795 

5 

15.904 

ai  KLm 

0.14399+  3 

86.10 

0.14014+ 

2 

88.47 

7n  LjNy 

0.77728 

5 

15.951 

03  KMn 

0.12807+  5 

96.81 

0.12469+ 

3 

99.43 

LiN\i,vn 

0.7641 

5 

16.23 

0i  KMui 

0.12719+  5 

97.47 

0.12382+ 

3 

100.13 

LiOxyy 

0.75791 

5 

16.358 

02n  KNn 

0.12379+  5 

100.16 

0.12050+ 

3 

102.89 

LiiMn 

1.0346 

9 

11.98 

021  KNm 

0.12358+  5 

100.33 

0.12029+ 

3 

103.07 

0n  LiiMm 

0.98913 

5 

12.5344 

04  LiMn 

0.84071 

5 

14.7472 

LnMy 

0.94419 

5 

13.1310 

03  LiMm 

0.82789+  9 

14.976 

0.80273 

5 

15.4449 

LnNn 

0.8344 

9 

14.86 

72  LiNn 

0.68199 

5 

18.179 

LiiNm 

0.8248 

1 

15.031 

73  LiNm 

0.67538 

5 

18.357 

v LnAVi 

0.79721 

9 

15.552 

y'*  LiOu 

0.65131 

5 

19.036 

TiiOiii 

0.79384 

5 

15.6178 

74  Ci  On  i 

0.64965 

5 

19.084 

t LiuMu 

1.2748 

1 

9.7252 

713  CiPn.m 

0.64513 

5 

19.218 

s LinMin 

1.2105 

1 

10.2421 

v L\iMi 

0.90742 

5 

13.6630 

LmNu 

0.98280 

5 

12.6151 

0i  LnMiv 

0.83940+  9 

14.770 

0.81375 

5 

15.2358 

LmNin 

0.97321 

5 

12.7394 

76  LnN\ 

0.71774 

5 

17.274 

U LinNyiyn 

0.93505 

5 

13.2593 

7i  CniViv 

0.71652+  9 

17.303 

0.69463 

5 

17.849 

LinOn 

0.9323 

2 

13.298 

78 

0.6801 

1 

18.230 

LiiiOm 

0.9302 

2 

13.328 

7e  CnOrv 

0.67328 

5 

18.414 

LmPn.ni 

0.92413 

4 

13.4159 

LuPi 

0.6724 

1 

18.439 

MiNn 

3.892 

9 

3.185 

l LmMx 

1.16719 

5 

10.6222 

MtNm 

3.740 

9 

3.315 

at2  CmAfjv 

1.04230  5 

11.8950 

1.01656 

5 

12.1962 

MnNjy 

3.834 

4 

3.234 

on  CmMv 

1.03049  5 

12.0313 

1.00473 

5 

12.3397 

MmNt 

5.537 

8 

2.239 

06  LjjjN I 

0.87088 

5 

14.2362 

MmNxv 

4.571 

5 

2.712 

0i6  LmNiv 

0.83722 

5 

14.8086 

7 MmNy 

4.532 

2 

2.735 

02  LmN\ 

0.858  2 

14.45 

0.83537 

5 

14.8414 

MuiOi 

4.105 

9 

3.021 

07  CniOi 

0.8162 

1 

15.190 

AfmOiv.v 

3.932 

6 

3.153 

06  CniOjv.v 

0.80627 

5 

15.3771 

f2  MfyNa 

6.585 

5 

1.883 

LmPi 

0.8050 

1 

15.402 

MfyNm 

6.162 

8 

2.012 

0io  LjMjy 

0.77546 

5 

15.988 

0 MzvNvi 

4.909 

1 

2.5255 

0o  LjM\ 

0.76857 

5 

16.131 

MjyOn 

4.823 

3 

2.571 

LiNj. 

0.6874 

1 

18.036 

MrvPn.m 

4.59 

2 

2.70 

LiNjy 

0.6666 

1 

18.600 

fl  MyNm 

6.521 

4 

1.901 

7n  L\N\ 

0.6654 

1 

18.633 

ai  MvNvi 

5.130 

2 

2.4170 

L\Oxyy 

0.6468 

1 

19.167 

oil  M\N\u 

5.118 

1 

2.4226 

0n  L\\Miu 

0.8438 

1 

14.692 

NlPn.lll 

13.30 

6 

0.932 

LnNxn 

0.7043 

1 

17.604 

NyiOtv 

91.6 

1 

0.1354 

LUNV 

0.6932 

1 

17.884 

NvnOv 

93.2 

1 

0.1330 

LnOu 

0.6780 

1 

18.286 
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Table  V ( Continued ) 


Desig- 


nation 

A* 

p.e 

. keV 

A* 

p.e.  keV 

87  Francium  ( Cont .) 

88  Radium  (Cont.) 

^iiOiii 

0.6764 

1 

18.330 

An^n.ni 

0.6714 

1 

18.466 

£mA7n 

0.8618 

1 

14.387 

£niA7m 

0.8512 

1 

14.566 

u LmNyiyn 

0.8186 

1 

15.146 

LmPjj.m 

0.8038 

1 

15.425 

89  Actinium 

90  Thorium 

«2  KL\\ 

0. 14141 1 

2 

87.67 

0.137829 

2 

89.953 

«i  KLin 

0.136417 

* 8 

90.884 

0.132813 

2 

93.350 

03  KM\\ 

0. 12143 f 

2 

102.10 

0.118268 

3 

104.831 

0i  KMm 

0.120551- 

2 

102.85 

0.117396 

9 

105.609 

0211  KNn 

0.11 732 + 

2 

105.67 

0.11426 

1 

108.511 

021  KNm 

0. 11711  + 

2 

105.86 

0.114040 

9 

108.717 

AOu.m 

0.11322 

1 

109.500 

06  KMixy 

0.116667 

9 

106.269 

04  /TiVrv.v 

0.11366 

2 

109.08 

04  L\M\\ 

0.79257 

4 

15.6429 

03  £i3fm 

0. 77822 + 

9 

15.931 

0.75479 

3 

16.4258 

72  £11^11 

0.64221 

4 

19.305 

7s  LjNm 

0.63559 

4 

19.507 

y't  LjOn 

0.61251 

4 

20.242 

74  £-iOiii 

0.61098 

4 

20.292 

713  £iPii,iij 

0.60705 

8 

20.424 

r/  LnMi 

0.85446 

4 

14.5099 

0i  LuMix 

0.78903* 

9 

15.713 

0.765210 

9 

16.2022 

76  LjjNi 

0.67491 

4 

18.370 

7i  £nA7iv 

0.67351* 

9 

18.408 

0.65313 

3 

18.9825 

78  £-1101 

0.63898 

5 

19.403 

7e  £nOrv 

0.63258 

4 

19.599 

LnPi 

0.6316 

1 

19.629 

L\\P\v 

0.62991 

9 

19.682 

l LmMi 

1.11508 

4 

11.1186 

ot 2 £-mA£iv 

0.99178* 

5 

12.5008 

0.96788 

2 

12.8096 

ai  LniMy 

0.97993* 

5 

12.6520 

0.95600 

3 

12.9687 

0e  £111^1 

0.82790 

8 

14.975 

0i6  £iiiA7iv 

0.79539 

5 

15.5875 

02  £niATv 

0.79354 

3 

15.6237 

ft  £niOi 

0.77437 

4 

16.0105 

06  £lll0iv,v 

0.76468 

5 

16.213 

£111  £1 

0.76338 

5 

16.241 

£in£>rv,v 

0.76087 

9 

16.295 

010  LjMjy 

0.7301 

1 

16.981 

09  L\M\ 

0.7234 

1 

17.139 

L\Ni 

0.64755 

5 

19.146 

LiNjy 

0.6276 

1 

19.755 

7n  AjAV 

0.62636 

9 

19.794 

£xA/vi,vii 

0.6160 

1 

20.128 

£iOi 

0.6146 

1 

20.174 

£l0IV.V 

0.6083 

1 

20.383 

£iiA£h 

0.8338 

1 

14.869 

017  £llMin 

0.79257 

4 

15.6429 

LnM\ 

0.7579 

1 

16.359 

Li\Nm 

0.6620 

1 

18.729 

LjiN\ 

0.6521 

1 

19.014 

Desig- 


nation 

A*  p.e.  keV 

A* 

p.e 

keV 

89  Actinium  (Cont.) 

90  Thorium  (Cont.) 

v LjjNxi 

0.64064 

9 

19.353 

£n0n 

0.6369 

1 

19.466 

£n0m 

0.6356 

1 

19.506 

£n-Pn,ui 

0.6312 

1 

19.642 

t Ln\M  x 

1.08009 

9 

11.4788 

s LiuM  n 

1.0112 

1 

12.261 

£iiiAii 

0.8190 

2 

15.138 

£niArm 

0.8082 

1 

15.341 

u £niA7vi,vn 

0.77661 

5 

15.964 

£iiiOii 

0.7713 

1 

16.074 

£iii0iii 

0.7690 

1 

16.123 

LmPniu 

0.7625 

2 

16.260 

MiNm 

2.934 

8 

4.23 

MiOm 

2.442 

9 

5.08 

M-n.Ni 

3.537 

9 

3.505 

MnNjy 

3.011 

2 

4.117 

MuOix 

2.618 

5 

4.735 

Mw.Ni 

4.568 

5 

2.714 

MinNix 

3.718 

3 

3.335 

y M nATv 

3.679 

2 

3.370 

MmOi 

3.283 

9 

3.78 

MniOrv.v 

3.131 

3 

3.959 

f2  M vNu 

5.340 

5 

2.322 

MivNni 

4.911 

5 

2.524 

0 M\vN\i 

3.941 

1 

3.1458 

Mu/On 

3.808 

4 

3.256 

fi  M\Niu 

5.245 

5 

2.364 

a2  M\Ny I 

4.151 

2 

2.987 

Q-l  M\N\n 

4.1381 

9 

2.9961 

My  Pm 

3.760 

9 

3.298 

NPn 

9.44 

7 

1.313 

N Pm 

9.40 

7 

1.1319 

NnOjy 

11.56 

5 

1.072 

NiPj 

11.07 

7 

1.120 

NmOy 

13.8 

1 

0.897 

NxyNyi 

33.57 

9 

0.3693 

NyNyjyn 

36.32 

9 

0.3414 

NyiOxy 

49.5 

1 

0.2505 

NyjOy 

48.2 

1 

0.2572 

NynOy 

50.0 

1 

0.2479 

OmPn.y 

68.2 

3 

0.1817 

0rv.vQn.ni 

181. 

5 

0.068 

91  Protactinium 

92  Uranium 

a 2 K Ln 

0. 134343 1 9 92.287 

0.130968 

4 

94.665 

ai  KLm 

0. 1 29325 f 3 95.868 

0.125947 

3 

98.439 

03  KMu 

0. 11523+  2 107.60 

0.112296 

4 

110.406 

0i  KMm 

0. 1 1 4345 f 8 108.427 

0.111394 

5 

111.300 

0211  KNa 

0. 11 129+  2 111.40 

0. 10837 

1 

114.40 

021  KNn  1 

0. 1 1107 + 2 111.62 

0.10818 

1 

114.60 

KOu.m 

0.10744 

1 

115.39 

0s  KMjyy 

0.11069 

1 

112.01 

04  KNjyy 

0.10780 

2 

115.01 

04  L\M  i 

0.7699  1 16.104 

0.747985 

9 

16.5753 

03  £iMni 

0.73230  5 16.930 

0.71029 

2 

17.4550 
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Table  V ( Continued ) 


Desig- 


nation 

A* 

p.e. 

keV 

o . 

A* 

p.e. 

keV 

91  Protactinium  (Coni.) 

92  Uranium 

(Coni.) 

72  LiNn 

0.6239 

1 

19.872 

0.605237 

9 

20.4847 

73  LiN\n 

0.6169 

1 

20.098 

0.598574 

9 

20.7127 

y\  LiOu 

0.576700 

9 

21.4984 

74  LjOu.in 

0.5937 

1 

20.882 

0.57499 

9 

21.562 

7u 

0.5706 

1 

21.729 

V LjjM j 

0.8295 

1 

14.946 

0.80509 

2 

15.3997 

/Si  LjjMiy 

0.74232 

5 

16.702 

0.719984 

8 

17.2200 

75  Z-II^Vl 

0.6550 

1 

18.930 

0.63557 

2 

19.5072 

7i  TnATxv 

0.633581 

9 

19.568 

0.614770 

9 

20.1671 

78  TnOj 

0.60125 

5 

20.621 

76  AnOiv 

0.6133 

1 

20.216 

0.594845 

9 

20.8426 

LnPrv 

0.59203 

5 

20.942 

l LinMi 

1.0908 

1 

11.366 

1.06712 

2 

11.6183 

a2  LiuMvj 

0. 94482 + 

5 

13.1222 

0.922558 

9 

13.4388 

«i  LniMy 

0.93284 

5 

13.2907 

0.910639 

9 

13.6147 

Pi  im^i 

0.8079 

1 

15.347 

0.78838 

2 

15.7260 

/Sib  im^iv 

0.756642 

9 

16.3857 

Pi  TmAV 

0.7737 

1 

16.024 

0.754681 

9 

16.4283 

07  LiuOi 

0.7546 

2 

16.431 

0.73602 

6 

16.845 

Pi  LlllOlV.V 

0.7452 

2 

16.636 

0.726305 

9 

17.0701 

L\nP\ 

0.72521 

5 

17.096 

LiuPvvy 

0.72240 

5 

17.162 

Pio  L\M  v 

0.7088 

2 

17.492 

0.68760 

5 

18.031 

09  L{My 

0.7018 

1 

17.667 

0.681014 

8 

18.2054 

LiNrv 

0.59096 

5 

20.979 

7u  LiN\ 

0.58986 

5 

21.019 

LlOjyy 

0.5725 

1 

21.657 

P\i  LuMiu 

0.74503 

5 

16.641 

LnNm 

0.6228 

1 

19.907 

v LuNVi 

0.6031 

1 

20.556 

LiuOni 

0.59728 

5 

20.758 

LnPn.ni 

0.5930 

2 

20.906 

t LniMix 

1.0347 

1 

11.982 

s LmMm 

0.9636 

1 

12.866 

LiuNn 

0.78017 

9 

15.892 

Ln\N m 

0.7691 

1 

16.120 

U LiuNviyn 

0.738603 

9 

16.7859 

Tin  Oii 

0.7333 

1 

16.907 

TmOm 

0.7309 

1 

16.962 

Tm-Pu.m 

0.72426 

5 

17.118 

MxNn 

2.92 

2 

4.25 

MiNm 

2.753 

8 

4.50 

MiOm 

2.304 

7 

5.38 

MiPjji 

2.253 

6 

5.50 

MuNi 

3.441 

5 

3.603 

3.329 

4 

3.724 

MnNjv 

2.910 

2 

4.260 

2.817 

2 

4.401 

MuOxv 

2.527 

4 

4.906 

2.443 

4 

5.075 

MmNx 

4.450 

4 

2.786 

4.330 

2 

2.863 

MmN\y 

3.614 

2 

3.430 

3.521 

2 

3.521 

7 MuiNy 

3.577 

1 

3.4657 

3.479 

1 

3.563 

MmOj 

3.245 

9 

3.82 

3.115 

7 

3.980 

MmOrv.v 

3.038 

2 

4.081 

2.948 

2 

4.205 

h M\yNn 

5.193 

2 

2.3876 

5.050 

2 

2.4548 

MrvNm 

4.625 

5 

2.681 

P MiyiVvi 

3.827 

1 

3.2397 

3.716 

1 

3.3367 

Desig- 


nation 

A* 

p.e. 

keV 

A* 

p.e. 

keV 

91  Protactinium  (Coni.) 

92  Uranium  (Cont.) 

A/rvOn 

3.691 

2 

3.359 

3.576 

1 

3.4666 

MyNm 

5.092 

2 

2.4350 

4.946 

2 

2.507 

at  MyNyj 

4.035 

3 

3.072 

3.924 

1 

3.1595 

ai  MyNyii 

4.022 

1 

3.0823 

3.910 

1 

3.1708 

NiOni 

10.09 

7 

1.229 

NiPu 

8.81 

7 

1.41 

NiPm 

8.76 

7 

1.42 

NnPi 

10.40 

7 

1.192 

Nm  Ov 

12.90 

9 

0.961 

iVivAVi 

31.8 

1 

0.390 

NyNyj  ,vn 

34.8 

1 

0.357 

iVivOrv 

43.3 

2 

0.286 

TVviOv 

42.1 

2 

0.295 

NiPtv.v 

8.60 

7 

1.44 

93  Neptunium 

94  Plutonium 

Pi  LiMn 

0.72671 

2 

17.0607 

0.70620 

2 

17.5560 

Pa  LjMni 

0. 68920 + 

9 

17.989 

0.66871 

2 

18.5405 

72  TiAth 

0.5873 

5 

21.11 

0.57068 

2 

21.7251 

7s  TiA^m 

0.5810 

5 

21.34 

0.564001 

9 

21.9824 

y\  LjOn 

0.5432 

1 

22.823 

74  Lj On, m 

0.5585 

5 

22.20 

0.5416 

1 

22.891 

V LnMi 

0.7809 

2 

15.876 

0.7591 

1 

16.333 

Pi  L\iM\y 

0.698478 

9 

17.7502 

0.67772 

2 

18.2937 

75  L\\N I 

0.616 

1 

20.12 

0.5988 

1 

20.704 

7i  TuA'rv 

0.596498 

9 

20.7848 

0.578882 

9 

21.4173 

78 

0.5658 

1 

21.914 

76  TiiOrv 

0.57699 

5 

21.488 

0.55973 

2 

22.1502 

/ LnfMx 

1.0428 

6 

11.890 

1.0226 

1 

12.124 

Oto  LmMjy 

0.901045 

9 

13.7597 

0.88028 

2 

14.0842 

«i  LujMy 

0.889128 

9 

13.9441 

0.86830 

2 

14.2786 

Pa  LxnNi 

0.769 

1 

16.13 

0.75148 

2 

16.4983 

Pa  TmA^rv 

0.7205 

1 

17.208 

Pi  TniASr 

0.736230 

9 

16.8400 

0.71851 

2 

17.2553 

Pi  PmOi 

0.7003 

1 

17.705 

Pi  TiiiOrv.v 

0.70814 

2 

17.5081 

0.69068 

2 

17.9506 

PlO  LjMjy 

0.6482 

1 

19.126 

Pa  L\My 

0.6416 

1 

19.323 

u T-mAvi  vn 

0.7031 

1 

17.635 

95  Americium 

pt  L\Mn 

0.68639 

2 

18.0627 

Pi  L\Mm 

0.64891 

2 

19.1059 

72  L\Nn 

0.5544 

2 

22.361 

p\  LjiMjy 

0.657655 

9 

18.8520 

7l  Ti^iv 

0.561886 

9 

22.0652 

76  TuOrv 

0.54311 

2 

22.8282 

l Z-inMi 

1.0012 

6 

12.384 

«2  Z-m^rv 

0.860266 

9 

14.4119 

«i  TinMv 

0.848187 

9 

14.6172 

Pa  LmAri 

0.73418 

2 

16.8870 

P is  TmA^rv 

0.70341 

2 

17.6258 

Pi  LnjNy 

0.701390 

9 

17.6765 

Pi  UnOrvy 

0.67383 

2 

18.3996 
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Table  VI.  Wavelengths  in  numerical  order  of  the  emission  lines  and  absorption  edges. 


Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

0.10723 

1 

92  U 

K 

Abs.  Edge 

115.62 

0.1408 

1 

82  Pb 

KP 

88.06 

0.10744 

1 

92  U 

KOii.in 

115.39 

0.140880 

5 

82  Pb 

K 

Abs.  Edge 

88.005 

0.10780 

2 

92  U 

Kfa 

KNxv.v 

115.01 

0.141012 

8 

82  Pb 

A" On, hi 

87.922 

0.10818 

1 

92  U 

Kp2' 

KNi  ii 

114.60 

0.14111 

1 

83  Bi 

Kfa 

KMyv.v 

87.860 

0.10837 

1 

92  U 

m" 

KNi  i 

114.40 

0.14141 

2 

89  Ac 

Ka2 

KLn 

87.67 

0.11069 

1 

92  U 

m 

KM\y,\ 

112.01 

0.14155 

3 

82  Pb 

Kp  4 

KNiwy 

87.59 

0.11107 

2 

91  Pa 

Kp2' 

KNni 

111.62 

0.14191 

1 

82  Pb 

Kfa' 

KNm 

87.364 

0.11129 

2 

91  Pa 

Kp2" 

KNn 

111.40 

0.141948 

3 

83  Bi 

Kfa 

KMm 

87.343 

0.111394 

5 

92  U 

Kfa 

KMm 

111.300 

0.14212 

2 

82  Pb 

Kfa" 

KNn 

87.23 

0.112296 

4 

92  U 

m 

KMn 

110.406 

0.142779 

7 

83  Bi 

Kfa 

KMn 

86.834 

0.11307 

1 

90  Th 

K 

Abs.  Edge 

109.646 

0.14399 

3 

87  Fr 

Kax 

KLm 

86.10 

0.11322 

1 

90  Th 

KOii,\u 

109.500 

0.14495 

1 

81  T1 

K 

Abs.  Edge 

85.533 

0.11366 

2 

90  Th 

Kfa 

KNjyy 

109.08 

0.14495 

3 

82  Pb 

Kfa' 

KMy 

85.53 

0.114040 

9 

90  Th 

w 

KNm 

108.717 

0.14509 

1 

81  T1 

KOn.m 

85.451 

0.11426 

1 

90  Th 

Kp2" 

KNn 

108.511 

0.14512 

2 

82  Pb 

Kfa" 

KMjy 

85.43 

0.114345 

8 

91  Pa 

Kfa 

KMm 

108.427 

0.14512 

2 

88  Ra 

Kc*2 

KLn 

85.43 

0.11523 

2 

91  Pa 

KPz 

KMn 

107.60 

0.14553 

2 

81  T1 

Kfa 

AAiv.v 

85.19 

0.116667 

9 

90  Th 

Kpz 

KM jy,y 

106.269 

0.14595 

1 

81  T1 

Kfa' 

KNm 

84.946 

0.11711 

2 

89  Ac 

m1 

KNm 

105.86 

0.145970 

6 

82  Pb 

Kfa 

KMm 

84.936 

0.11732 

2 

89  Ac 

Kp2" 

KNn 

105.67 

0.14614 

1 

81  T1 

Kfa" 

KNn 

84.836 

0.117396 

9 

90  Th 

Kfa 

KMm 

105.609 

0.146810 

4 

82  Pb 

Kfa 

KMn 

84.450 

0.118268 

3 

90  Th 

m 

KMn 

104.831 

0.14798 

3 

86  Rn 

Ken 

KLm 

83.78 

0.12029 

3 

88  Ra 

m' 

KNm 

103.07 

0.14896 

3 

87  Fr 

Ka2 

KLn 

83.23 

0.12050 

3 

88  Ra 

Kp2" 

KNn 

102.89 

0.14917 

1 

81  T1 

Kfa 

KM\W,\ 

83.114 

0.12055 

2 

89  Ac 

Kfa 

KMm 

102.85 

0.14918 

1 

80  Hg 

K 

Abs.  Edge 

83.109 

0.12143 

2 

89  Ac 

Kfa 

KMn 

102.10 

0.14931 

2 

80  Hg 

AOii.in 

83.04 

0.12358 

5 

87  Fr 

m1 

KNm 

100.33 

0.14978 

2 

80  Hg 

Kfa 

KN  iv, v 

82.78 

0.12379 

5 

87  Fr 

Kp2" 

KNn 

100.16 

0.150142 

5 

81  T1 

Kfa 

KMm 

82.576 

0.12382 

3 

88  Ra 

m 

KMm 

100.13 

0.15020 

2 

80  Hg 

Kfa' 

KNm 

82.54 

0.12469 

3 

88  Ra 

KMn 

99.43 

0.15040 

2 

80  Hg 

Kfa" 

KNn 

82.43 

0.125947 

3 

92  U 

Ka\ 

KLm 

98.439 

0.150980 

6 

81  T1 

Kfa 

KMn 

82.118 

0.12698 

5 

86  Rn 

m1 

KNm 

97.64 

0.15210 

2 

85  At 

Kai 

KLm 

81.52 

0.12719 

5 

86  Rn 

mn 

KNn 

97.47 

0.15294 

3 

86  Rn 

Ka2 

KLn 

81.07 

0.12719 

5 

87  Fr 

Kfa 

KMm 

97.47 

00. 15353 

2 

80  Hg 

Kfa 

KMixy 

80.75 

0.12807 

5 

87  Fr 

Kp3 

KMn 

96.81 

0.153593 

5 

79  Au 

K 

Abs.  Edge 

80.720 

0.129325 

3 

91  Pa 

Ken 

KLm 

95.868 

0.153694 

’7 

79  Au 

AOii.in 

80.667 

0.13052 

4 

85  At 

w 

KNm 

94.99 

0.154224 

5 

79  Au 

Kfa 

KNiv.v 

80.391 

0.13069 

5 

86  Rn 

m 

KMm 

94.87 

0.154487 

3 

80  Hg 

Kfa 

KMm 

80.253 

0.13072 

4 

85  At 

m 11 

KNn 

94.84 

0.154618 

<9 

79  Au 

Kfa' 

KNm 

80.185 

0.130968 

4 

92  U 

K*2 

KLU 

94.665 

0.15483 

2 

79  Au 

Kfa" 

KNU 

80.08 

0.13155 

5 

86  Rn 

m 

KMn 

94.24 

0.155321 

3 

80  Hg 

Kfa 

KMn 

79.822 

0.132813 

2 

90  Th 

Ken 

KLm 

93.350 

0.15636 

1 

84  Po 

Ken 

KLm 

79.290 

0.13418 

2 

84  Po 

Kp2' 

KNm 

92.40 

0.15705 

2 

85  At 

Kct2 

KLn 

78.95 

0.13432 

4 

85  At 

Kfii 

KMm 

92.30 

0.157880 

5 

79  Au 

Kfa' 

KMy 

78.529 

0. 134343 

9 

91  Pa 

Koc2 

KLn 

92.287 

0.158062 

7 

79  Au 

Kfa" 

KM\y 

78.438 

0. 13438 

2 

84  Po 

Kp2" 

KNU 

92.26 

0.15818 

1 

78  Pt 

K 

Abs.  Edge 

78.381 

0.13517 

4 

85  At 

Kfa 

KMn 

91.72 

0.15826 

1 

78  Pt 

AOii.ni 

78.341 

0.136417 

8 

89  Ac 

Ken 

KLm 

90.884 

0.15881 

2 

78  Pt 

Kp  4 

KN\yy 

78.069 

0.13694 

1 

83  Bi 

K 

Abs.  Edge 

90.534 

0.158982 

3 

79  Au 

Kfa 

KMm 

77.984 

0.13709 

1 

83  Bi 

-K On, hi 

90.435 

0.15920 

1 

78  Pt 

Kp2' 

KNin 

77.878 

0.13759 

2 

83  Bi 

Kfa 

KNiwy 

90.11 

0.15939 

1 

78  Pt 

Kp2" 

KNn 

77.785 

0.137829 

2 

90  Th 

Ken 

KLn 

89.953 

0.159810 

2 

79  Au 

KPz 

KMn 

77.580 

0.13797 

1 

83  Bi 

Kfa' 

KNm 

89.864 

0.160789 

2 

83  Bi 

Ken 

KLm 

77.1079 

0.13807 

2 

84  Po 

Kfa 

KMm 

89.80 

0.16130 

1 

84  Po 

KaC2 

KLn 

76.862 

0.13817 

1 

83  Bi 

Kfa" 

KNn 

89.733 

0.16255 

3 

78  Pt 

Kpz' 

KMy 

76.27 

0.13892 

2 

84  Po 

Kfa 

KMU 

89.25 

0.16271 

2 

78  Pt 

Kfa  " 

KMiy 

76.199 

0.14014 

2 

88  Ra 

Ka\ 

KLm 

88.47 

0.16292 

1 

77  Ir 

K 

Abs.  Edge 

76.101 
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Table  VI  ( Continued ) 


Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

0.163019 

5 

77  Ir 

KOn,iu 

76.053 

0.190381 

4 

78  Pt 

Ka  2 

KLn 

65.122 

0.16352 

2 

77  Ir 

Kpi 

KNiyy 

75.821 

0.1908 

2 

72  Hf 

Kp2 

KNn, 111 

64.98 

0.163675 

3 

78  Pt 

m 

KMiu 

75.748 

0.190890 

2 

73  Ta 

Kp3 

KMn 

64.9488 

0.163956 

7 

77  Ir 

Kpf 

KNn  1 

75.619 

0.191047 

2 

77  Ir 

Kax 

KLm 

64.8956 

0.16415 

1 

77  Ir 

m"- 

*A7n 

75.529 

0.19585 

5 

71  Lu 

K 

Abs.  Edge 

63.31 

0.164501 

3 

78  Pt 

m 

KMn 

75.368 

0.19589 

2 

71  Lu 

T^Oii.in 

63.293 

0.165376 

2 

82  Pb 

Kax 

KLui 

74.9694 

0.195904 

2 

77  Ir 

Ka2 

KLn 

63.2867 

0.165717 

2 

83  Bi 

Kac2 

KLU 

74.8148 

0.19607 

3 

72  Hf 

KPx 

KMni 

63.234 

0.167373 

9 

77  Ir 

w 

KMy 

74.075 

0.196794 

2 

76  Os 

Kax 

KLm 

63.0005 

0.16759 

2 

77  Ir 

W1 

KM  xv 

73.980 

0.19686 

4 

72  Hf 

Kpt 

KMn 

62.98 

0.16787 

1 

76  Os 

K 

Abs.  Edge 

73.856 

0.1969 

2 

71  Lu 

KP2 

KNn, 111 

62.97 

0.16798 

1 

76  Os 

AOii.iji 

73.808 

0.20084 

2 

71  Lu 

Kpi 

KMiyy 

61.732 

0.16842 

2 

76  Os 

Kp  4 

KNjv.v 

73.615 

0.201639 

2 

76  Os 

Kai 

KLn 

61.4867 

0.168542 

2 

77  Ir 

KMin 

73.5608 

0.20224 

5 

70  Yb 

K 

Abs.  Edge 

61.30 

0.168906 

6 

76  Os 

w 

KNui 

73.402 

0.20226 

2 

70  Yb 

K On,  hi 

61.298 

0.16910 

1 

76  Os 

W1 

KNn 

73.318 

0.20231 

3 

71  Lu 

KPx 

KMni 

61.283 

0.169367 

2 

77  Ir 

KMn 

73.2027 

0.202781 

2 

75  Re 

Kax 

KLni 

61.1403 

0.170136 

2 

81  T1 

Kax 

KLm 

72.8715 

0.20309 

4 

71  Lu 

Kp3 

KMn 

61.05 

0.170294 

2 

82  Pb 

Ka2 

KLU 

72.8042 

0.2033 

2 

70  Yb 

KP2 

KNn, 111 

60.89 

0.17245 

1 

76  Os 

w 

KMy 

71.895 

0.20739 

2 

70  Yb 

Kpi 

KM  rv, v 

59.782 

0.17262 

1 

76  Os 

m 11 

KM  iv 

71.824 

0.207611 

1 

75  Re 

Ka2 

KLn 

59.7179 

0.17302 

1 

75  Re 

K 

Abs.  Edge 

71.658 

0.20880 

5 

69  Tm 

K 

Abs.  Edge 

59.38 

0.17308 

1 

75  Re 

KOn.m 

71.633 

0.20884 

8 

70  Yb 

Kpx 

KMm 

59.37 

0.173611 

3 

76  Os 

Kfr 

KMin 

71.413 

0.20891 

2 

69  Tm 

KOn.m 

59.346 

0.17362 

2 

75  Re 

Kp  4 

KNiv,v 

71.410 

0.2090100 

Std. 

74  W 

Kax 

KLni 

59.31824 

0.174054 

6 

75  Re 

w 

KNm 

71.232 

0.2096 

1 

70  Yb 

Kpi 

KMn 

59.14 

0.17425 

1 

75  Re 

W1 

KNn 

71.151 

0.2098 

2 

69  Tm 

KP2 

KNn. 111 

59.09 

0.174431 

3 

76  Os 

KMn 

71.077 

0.213828 

2 

74  W 

Kai 

KLn 

57.9817 

0.175036 

2 

81  T1 

KLn 

70.8319 

0.21404 

2 

69  Tm 

Kpi 

KMjyy 

57.923 

0.175068 

3 

80  Hg 

Kai 

KLm 

70.819 

0.215497 

4 

73  Ta 

Kax 

KLni 

57.532 

0.17766 

1 

75  Re 

Kpi1 

KMV 

69.786 

0.21556 

2 

69  Tm 

Kpx 

KMm 

57.517 

0.17783 

1 

75  Re 

Kpb11 

KMi\ 

69.719 

0.21567 

1 

68  Er 

K 

Abs.  Edge 

57.487 

0.17837 

1 

74  W 

K 

Abs.  Edge 

69.508 

0.21581 

3 

68  Er 

KOn.m 

57.450 

0.178444 

5 

74  W 

KOn.111 

69.479 

0.21592 

4 

74  W 

KLi 

57.42 

0.178880 

3 

75  Re 

Kpi 

KMm 

69.310 

0.21636 

2 

69  Tm 

KPt 

KMn 

57.304 

0.17892 

2 

74  W 

Kp< 

KNivy 

69.294 

0.2167 

2 

68  Er 

Kpz 

KNn.ni 

57.21 

0.179421 

7 

74  W 

W 

KNm 

69.101 

0.220305 

8 

73  Ta 

Ka2 

KLn 

56.277 

0.17960 

1 

74  W 

KNU 

69.031 

0.22124 

3 

68  Er 

Kpi 

KM  xv.  v 

56.040 

0.179697 

3 

75  Re 

KPz 

KMn 

68.994 

0.222227 

3 

72  Hf 

Kax 

KLni 

55.7902 

0.179958 

3 

80  Hg 

Ka2 

KLU 

68.895 

0.22266 

2 

68  Er 

Kpx 

KMni 

55.681 

0.180195 

2 

79  Au 

Kax 

KLm 

68.8037 

0.22291 

1 

67  Ho 

K 

Abs.  Edge 

55.619 

0.183092 

7 

74  W 

KPb 1 

KMy 

67.715 

0.22305 

3 

67  Ho 

KOn.m 

55.584 

0.183264 

5 

74  W 

W1 

KMiw 

67.652 

0.22341 

2 

68  Er 

Kpz 

KMn 

55.494 

0.18394 

1 

73  Ta 

Abs.  Edge 

67.403 

0.2241 

2 

67  Ho 

Kpi 

KNn, 111 

55.32 

0.184031 

7 

73  Ta 

KOn.m 

67.370 

0.227024 

3 

72  Hf 

Kai 

KLn 

54.6114 

0.184374 

2 

74  W 

Kpx 

KMm 

67.2443 

0.22855 

3 

67  Ho 

Kpi 

KMiyy 

54.246 

0.18451 

1 

73  Ta 

Kp< 

KNiyy 

67.194 

0.229298 

2 

71  Lu 

Kax 

KLm 

54.0698 

0.185011 

8 

73  Ta 

W 

KNm 

67.013 

0.23012 

2 

67  Ho 

KPx 

KMm 

53.877 

0.185075 

2 

79  Au 

Ka.2 

KLn 

66.9895 

0.23048 

1 

66  Dy 

K 

Abs.  Edge 

53.793 

0.185181 

2 

74  W 

KPz 

KMU 

66.9514 

0.23056 

3 

66  Dy 

KOn.m 

53.774 

0.185188 

9 

73  Ta 

Kpi11 

KNn 

66.949 

0.23083 

2 

67  Ho 

Kpi 

KMn 

53.711 

0.185511 

4 

78  Pt 

Kax 

KLm 

66.832 

0.2317 

2 

66  Dy 

Kpi 

KNn. 111 

53.47 

0.18672 

4 

79  Au 

KLi 

66.40 

0.234081 

2 

71  Lu 

Kai 

KLn 

52.9650 

0.188757 

6 

73  Ta 

w 

KMy 

65.683 

0.23618 

3 

66  Dy 

Kpi 

KMiyy 

52.494 

0.188920 

6 

73  Ta 

m" 

KM\y 

65.626 

0.236655 

2 

70  Yb 

Kax 

KLm 

52.3889 

0.18982 

5 

72  Ilf 

K 

Abs.  Edge 

65.31 

0.23788 

2 

66  Dy 

Kpx 

KMm 

52.119 

0.190089 

4 

73  Ta 

Kpx 

KMm 

65.223 

0.23841 

1 

65  Tb 

K 

Abs.  Edge 

52.002 

24 
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Wavelength 

A* 

p.e 

Element 

Designation 

keV 

Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

0.23858 

3 

65  Tb 

KOu, ni 

51.965 

0.315816 

2 

58  Ce 

Kpi 

KMm 

39.2573 

0.23862 

2 

66  Dy 

m 

KMn 

51.957 

0.316520 

4 

58  Ce 

Kpz 

KMn 

39.1701 

0.2397 

2 

65  Tb 

KP  2 

KN n, hi 

51.68 

0.31844 

5 

57  La 

K 

Abs.  Edge 

38.934 

0.241424 

2 

70  Yb 

Kaz 

KLn 

51.3540 

0.31864 

2 

57  La 

TTOii.ni 

38.909 

0.244338 

2 

69  Tm 

Ka  i 

KLni 

50.7416 

0.31931 

2 

57  La 

KpS 

XAiv.v 

38.828 

0.24608 

2 

65  Tb 

Kp  i 

KM m 

50.382 

0.320117 

7 

57  La 

Kpz 

KNn.ui 

38.7299 

0.24681 

1 

64  Gd 

K 

Abs.  Edge 

50.233 

0.320160 

4 

61  Pm 

Kai 

KLni 

38.7247 

0.24683 

2 

65  Tb 

Kpz 

KM  u 

50.229 

0.324803 

4 

61  Pm 

Kaz 

KLn 

38.1712 

0.24687 

3 

64  Gd 

KOu.m 

50.221 

0.32546 

2 

57  La 

KpS 

KMW 

38.094 

0.24816 

3 

64  Gd 

Kp2 

KNn.ui 

49.959 

0.32563 

2 

57  La 

KpSx 

KMiv 

38.074 

0.249095 

2 

69  Tm 

Kaz 

KLn 

49.7726 

0.327983 

3 

57  La 

Kpi 

KMm 

37.8010 

0.252365 

2 

68  Er 

Kai 

KLin 

49.1277 

0.328686 

4 

57  La 

Kpz 

KMn 

37.7202 

0.25275 

3 

64  Gd 

KPz 

KM  iv  ,v 

49.052 

0.33104 

1 

56  Ba 

K 

Abs.  Edge 

37.452 

0.25460 

2 

64  Gd 

Kpi 

KMm 

48.697 

0.33127 

2 

56  Ba 

TTOn.m 

37.426 

0.25534 

2 

64  Gd 

Kp3 

KMn 

48.555 

0.331846 

2 

60  Nd 

Kai 

KLm 

37.3610 

0.25553 

1 

63  Eu 

K 

Abs.  Edge 

48.519 

0.33229 

2 

56  Ba 

KpS1 

KN  iv 

37.311 

0.255645 

7 

63  Eu 

K On.  in 

48.497 

0.33277 

1 

56  Ba 

Kpz 

KNn.ui 

37.257 

0.256923 

8 

63  Eu 

kps 

KNn.ui 

48.256 

0.336472 

2 

60  Nd 

Kaz 

KLn 

36.8474 

0.257110 

2 

68  Er 

K(X2 

KLn 

48.2211 

0.33814 

2 

56  Ba 

KpS 

KMV 

36.666 

0.260756 

2 

67  Ho 

Ka  i 

KLni 

47.5467 

0.33835 

2 

56  Ba 

KpS1 

KMiv 

36.643 

0.263577 

5 

63  Eu 

Kpz 

KMin 

47.0379 

0.340811 

3 

56  Ba 

KPi 

KMm 

36.3782 

0.264332 

5 

63  Eu 

Kpz 

KMn 

46.9036 

0.341507 

4 

56  Ba 

Kpz 

KMn 

36.3040 

0.26464 

5 

62  Sm 

K 

Abs.  Edge 

46.849 

0.344140 

2 

59  Pr 

Kai 

KLm 

36.0263 

0.26491 

3 

62  Sm 

AOn.m 

46.801 

0.34451 

1 

55  Cs 

K 

Abs.  Edge 

35.987 

0.265486 

2 

67  Ho 

Ka2 

KLn 

46.6997 

0.34611 

2 

55  Cs 

Kpz 

7TAn.ni 

35.822 

0.2662 

1 

62  Sm 

Kp2 

KNn.ui 

46.57 

0.348749 

2 

59  Pr 

Kaz 

KLn 

35.5502 

0.269533 

2 

66  Dy 

Ka  i 

KLni 

45.9984 

0.354364 

7 

55  Cs 

Kpi 

KMm 

34.9869 

0.27111 

3 

62  Sm 

Kp5 

KMjy,y 

45.731 

0.355050 

4 

55  Cs 

Kpz 

KMn 

34.9194 

0.27301 

2 

62  Sm 

Kpt 

KMm 

45.413 

0.357092 

2 

58  Ce 

Kai 

KLm 

34.7197 

0.27376 

2 

62  Sm 

Kpz 

KMn 

45.289 

0.3584 

5 

54  Xe 

K 

Abs.  Edge 

34.59 

0.274247 

2 

66  Dy 

Kai 

KLn 

45.2078 

0.36026 

3 

54  Xe 

KPz 

TTAn.in 

34.415 

0.27431 

5 

61  Pm 

K 

Abs.  Edge 

45.198 

0.361683 

2 

58  Ce 

Kaz 

KLn 

34.2789 

0.2759 

1 

61  Pm 

Kpz 

KNn.ui 

44.93 

0.36872 

2 

54  Xe 

Kpi 

KMm 

33.624 

0.278724 

2 

65  Tb 

Kai 

KLni 

44.4816 

0.36941 

2 

54  Xe 

Kpz 

KMn 

33.562 

0.28290 

3 

61  Pm 

KPi 

KMm 

43.826 

0.370737 

2 

57  La 

Kai 

KLm 

33.4418 

0.283423 

2 

65  Tb 

Kaz 

KLn 

43.7441 

0.37381 

1 

53  I 

K 

Abs.  Edge 

33.1665 

0.28363 

4 

61  Pm 

KPz 

KMn 

43.713 

0.37523 

2 

53  I 

Kpz 

7TAn.ni 

33.042 

0.28453 

5 

60  Nd 

K 

Abs.  Edge 

43.574 

0.375313 

2 

57  La 

Kaz 

KLn 

33.0341 

0.2861 

1 

60  Nd 

Kp2 

AAn.ni 

43.32 

0.383905 

4 

53  I 

Kpi 

KMm 

32.2947 

0.288353 

2 

64  Gd 

Kai 

KLm 

42.9962 

0.384564 

4 

53  I 

Kpz 

KMn 

32.2394 

0.293038 

2 

64  Gd 

Kaz 

KLn 

42.3089 

0.385111 

4 

56  Ba 

Kai 

KLm 

32.1936 

0.293299 

2 

60  Nd 

Kpi 

KMm 

42.2713 

0.389668 

5 

56  Ba 

Kaz 

KLn 

31.8171 

0.294027 

3 

60  Nd 

Kpz 

KMn 

42.1665 

0.38974 

1 

52  Te 

7TOii.ni 

31.8114 

0.29518 

5 

59  Pr 

K 

Abs.  Edge 

42.002 

0.38974 

1 

52  Te 

K 

Abs.  Edge 

31.8114 

0.29679 

2 

59  Pr 

KPz 

TTAn.ni 

41.773 

0.391102 

6 

52  Te 

Kpz 

KNn.ui 

31.7004 

0.298446 

2 

63  Eu 

Kai 

KLni 

41.5422 

0.399995 

5 

52  Te 

Kpi 

KMm 

30.9957 

0.303118 

2 

63  Eu 

Kaz 

KLn 

40.9019 

0.400290 

4 

55  Cs 

Kai 

KLm 

30.9728 

0.304261 

4 

59  Pr 

Kpi 

KMm 

40.7482 

0.400659 

4 

52  Te 

KPz 

KMn 

30.9443 

0.304975 

5 

59  Pr 

KPz 

KMn 

40.6529 

0.404835 

4 

55  Cs 

Kaz 

KLn 

30.6251 

0.30648 

5 

58  Ce 

K 

Abs.  Edge 

40.453 

0.40666 

1 

51  Sb 

KOn.ui 

30.4875 

0.30668 

2 

58  Ce 

KOn.in 

40.427 

0.40668 

1 

51  Sb 

K 

Abs.  Edge 

30.4860 

0.30737 

2 

58  Ce 

Kp<1 

KNiv.v 

40.337 

0.40702 

1 

51  Sb 

KPS 

7TAIV,v 

30.4604 

0.30816 

1 

58  Ce 

Kpz 

KNn.ui 

40.233 

0.407973 

5 

51  Sb 

Kpz 

7TAn.ni 

30.3895 

0.309040 

2 

62  Sm 

Kai 

KLm 

40.1181 

0.41378 

1 

SI  Sb 

KpS 

KMv 

29.9632 

0.31342 

2 

58  Ce 

kps 

KMv 

39.558 

0.41388 

1 

51  Sb 

KPS 1 

KMiv 

29.9560 

0.31357 

2 

58  Ce 

KpS 1 

KMiv 

39.539 

0.41634 

2 

54  Xe 

Kai 

KLm 

29.779 

0.313698 

2 

62  Sm 

Kaz 

KLn 

39.5224 

0.417085 

3 

51  Sb 

Kpi 

KMm 

29.7256 

25 
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Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

0.417737 

4 

51  Sb 

Kfr 

KMU 

29.6792 

0.546200 

4 

45  Rh 

Kfr 

KMn 

22.6989 

0.42087 

2 

54  Xe 

Ka2 

KLU 

29.458 

0.5544 

2 

95  Am 

Ly2 

LiNn 

22.361 

0.42467 

3 

50  Sn 

K On, in 

29.195 

0.5572 

1 

94  Pu 

An 

Abs.  Edge 

22.253 

0.42467 

1 

50  Sn 

K 

Abs.  Edge 

29.1947 

0.5585 

5 

93  Np 

An 

LiOn.iu 

22.20 

0.42495 

3 

50  Sn 

Kfr' 

KNiv,y 

29.175 

0.5594075 

6 

47  Ag 

Kax 

KLni 

22.16292 

0.425915 

8 

50  Sn 

m 

AAh.iii 

29.1093 

0.55973 

2 

94  Pu 

Lye 

AnOrv 

22.1502 

0.43175 

3 

50  Sn 

m* 

KMy 

28.716 

0.56051 

1 

44  Ru 

K 

Abs.  Edge 

22.1193 

0.43184 

3 

50  Sn 

Kfr" 

KMiy 

28.710 

0.56089 

9 

44  Ru 

Kfr 

KNn/y 

22.104 

0.433318 

5 

53  I 

Ka  i 

KLui 

28.6120 

0.56166 

3 

44  Ru 

Kfr 

KN  n.iii 

22.074 

0.435236 

5 

50  Sn 

m 

KMm 

28.4860 

0.561886 

9 

95  Am 

Lyx 

An  A iv 

22.0652 

0.435877 

5 

50  Sn 

m 

KM  u 

28.4440 

0.563798 

4 

47  Ag 

Ka2 

KLn 

21.9903 

0.437829 

7 

53  I 

Ka2 

KLn 

28.3172 

0.564001 

9 

94  Pu 

Lyz 

AiAni 

21.9824 

0.44371 

1 

49  In 

A 

Abs.  Edge 

27.9420 

0.5658 

1 

94  Pu 

Ly% 

AiiOi 

21.914 

0.44374 

3 

49  In 

■A On, iii 

27.940 

0.56785 

9 

44  Ru 

Kfr' 

KMy 

21.834 

0.44393 

4 

49  In 

w 

AWiv.v 

27.928 

0.5680 

2 

44  Ru 

Kfr" 

KMiy 

21.829 

0.44500 

1 

49  In 

Kfr 

AAn.in 

27.8608 

0.5695 

1 

92  U 

Li 

Abs.  Edge 

21.771 

0.45086 

2 

49  In 

m1 

KMV 

27.499 

0.5706 

1 

92  U 

Lyxz 

AiPn.ni 

21.729 

0.45098 

2 

49  In 

Kfr" 

KMiW 

27.491 

0.57068 

2 

94  Pu 

An 

AiAn 

21.1251 

0.451295 

3 

52  Te 

Ka 1 

KLin 

27.4723 

0.572482 

4 

44  Ru 

Kfr 

AMm 

21.6568 

0.454545 

4 

49  In 

Kfr 

KM  u\ 

27.2759 

0.5725 

1 

92  U 

AiOrv.v 

21.657 

0.455181 

4 

49  In 

m 

KMu 

27.2377 

0.573067 

4 

44  Ru 

Kfr 

KMn 

21.6346 

0.455784 

3 

52  Te 

Ka2 

KLn 

27.2017 

0.57499 

9 

92  U 

Lyx 

LiOni 

21.562 

0.46407 

1 

48  Cd 

K 

Abs.  Edge 

26.7159 

0.576700 

9 

92  U 

Lyx' 

LiOn 

21.4984 

0.465328 

7 

48  Cd 

m 

AAh.iii 

26.6438 

0.57699 

5 

93  Np 

Lye 

AnOrv 

21.488 

0.470354 

3 

51  Sb 

Ka , 

KLni 

26.3591 

0.578882 

9 

94  Pu 

Lyx 

AnArv 

21.4173 

0.474827 

3 

51  Sb 

Ka2 

KLn 

26.1108 

0.5810 

5 

93  Np 

Lye 

AiAni 

21.34 

0.475105 

6 

48  Cd 

Kfr 

KMm 

26.0955 

0.585448 

3 

46  Pd 

Kax 

A Am 

21.1771 

0.475730 

5 

48  Cd 

Kfr 

KMn 

26.0612 

0.5873 

5 

93  Np 

Ly2 

LiNn 

21.11 

0.48589 

1 

47  Ag 

K 

Abs.  Edge 

25.5165 

0.58906 

1 

43  Te 

K 

Abs.  Edge 

21.0473 

0.4859 

9 

47  Ag 

Kfr 

AArv.v 

25.512 

0.589821 

3 

46  Pd 

Ka2 

A An 

21.0201 

0.487032 

4 

47  Ag 

Kfr 

KN  min 

25.4564 

0.58986 

5 

92  U 

Lyxx 

AiAy 

21.019 

0.490599 

3 

50  Sn 

Kax 

KLni 

25.2713 

0.59024 

5 

43  Tc 

Kfr 

AAn.ni 

21.005 

0.49306 

2 

47  Ag 

Kfr 

KMyyy 

25.145 

0.59096 

5 

92  U 

AiArv 

20.979 

0.495053 

3 

50  Sn 

Ka2 

KLn 

25.0440 

0.5919 

1 

92  U 

An 

Abs.  Edge 

20.945 

0.497069 

4 

47  Ag 

Kfr 

KMm 

24.9424 

0.59203 

5 

92  U 

AnPrv 

20.942 

0.497685 

4 

47  Ag 

Kfr 

KMn 

24.9115 

0.5930 

2 

92  U 

An-Pn.ni 

20.906 

0.5092 

1 

46  Pd 

K 

Abs.  Edge 

24.348 

0.5937 

1 

91  Pa 

An 

AiOii.hi 

20.882 

0.5093 

2 

46  Pd 

A $4 

KNrvy 

24.346 

0.594845 

9 

92  U 

Lye 

AnOiv 

20.8426 

0.510228 

4 

46  Pd 

Kfr 

KNn.in 

24.2991 

0 . 596498 

9 

93  Np 

Ly\ 

AnArv 

20.7848 

0.512113 

3 

49  In 

Kax 

A Am 

24.2097 

0.59728 

5 

92  U 

AnOin 

20.758 

0.516544 

3 

49  In 

Ka2 

KLn 

24.0020 

0.598574 

9 

92  U 

Lyt 

AiAni 

20.7127 

0.51670 

9 

46  Pd 

Kfr 

KM\yy 

23.995 

0.5988 

1 

94  Pu 

Lye 

AnAi 

20.704 

0.520520 

4 

46  Pd 

Kfr 

KMm 

23.8187 

0.60125 

5 

92  U 

Lye 

AiiOi 

20.621 

0.521123 

4 

46  Pd 

Kfr 

KMn 

23.7911 

0.60130 

4 

43  Tc 

Kfr 

KMm 

20.619 

0.53395 

1 

45  Rh 

K 

Abs.  Edge 

23.2198 

0.60188 

4 

43  Tc 

Kfr 

KMn 

20.599 

0.53401 

9 

45  Rh 

Kfr' 

AAiv.v 

23.217 

0.6031 

1 

92  U 

Lv 

AnAvi 

20.556 

0.535010 

3 

48  Cd 

Kax 

KLni 

23.1736 

0.605237 

9 

92  U 

Ly2 

LiNn 

20.4847 

0.53503 

2 

45  Rh 

Kfr 

KN  n.iii 

23.1728 

0.6059 

1 

90  Th 

Li 

Abs.  Edge 

20.464 

0.53513 

5 

45  Rh 

Kfr " 

KNn 

23.168 

0.60705 

8 

90  Th 

Lyxe 

AiPn.m 

20.424 

0.5365 

1 

94  Pu 

Li 

Abs.  Edge 

23.109 

0.6083 

1 

90  Th 

AiOrv.v 

20.383 

0.539422 

3 

48  Cd 

Ka2 

KLn 

22.9841 

0.61098 

4 

90  Th 

Lyx 

AiOhi 

20.292 

0.54101 

9 

45  Rh 

Kfr ' 

KMy 

22.917 

0.61251 

4 

90  Th 

Lyx' 

AiOn 

20.242 

0.54118 

9 

45  Rh 

Kfr " 

A AT  iv 

22.909 

0.6133 

1 

91  Pa 

Lye 

AnOrv 

20.216 

0.5416 

1 

94  Pu 

Lyx 

AiOm 

22.891 

0.613279 

4 

45  Rh 

Kax 

A Am 

20.2161 

0.54311 

2 

95  Am 

Ly  6 

AnOrv 

22.8282 

0.6146 

1 

90  Th 

AiOi 

20.174 

0.5432 

1 

94  Pu 

An' 

AiOn 

22.823 

0.614770 

9 

92  U 

An 

AnArv 

20.1671 

0.545605 

4 

45  Rh 

Kfr 

KMm 

22.7236 

0.6160 

1 

90  Th 

AjAvi.vn 

20.128 
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Table  VI  ( Continued. ) 


Wavelength 

A* 

p.e 

Element 

Designation 

keV 

Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

0.616 

1 

93  Np 

Lyz 

LnNi 

20.12 

0.67383 

2 

95  Am 

Aft 

AiiiOiv.v 

18.3996 

0.6169 

1 

91  Pa 

Lyz 

L\N  hi 

20.098 

0.67491 

4 

90  Th 

Lyz 

LnNi 

18.370 

0.617630 

4 

45  Rh 

Ka.i 

KLn 

20.0737 

0.67502 

3 

43  Tc 

Ken 

KLni 

18.3671 

0.61978 

1 

42  Mo 

A 

Abs.  Edge 

20.0039 

0.67538 

5 

88  Ra 

Lyz 

LiNm 

18.357 

0.62001 

9 

42  Mo 

Aft* 

KNivy 

19.996 

0.6764 

1 

88  Ra 

LnOni 

18.330 

0.62099 

2 

42  Mo 

Aft 

KNn.iu 

19.9652 

0.67772 

2 

94  Pu 

Aft 

LnMiy 

18.2937 

0.62107 

5 

42  Mo 

Aft" 

KN  u 

19.963 

0.6780 

1 

88  Ra 

An  Oil 

18.286 

0.6228 

1 

92  U 

LnNin 

19.907 

0.67932 

3 

43  Tc 

Ka2 

KLn 

18.2508 

0.6239 

1 

91  Pa 

£72 

LiNu 

19.872 

0.6801 

1 

88  Ra 

Lyz 

A11O1 

18.230 

0.62636 

9 

90  Th 

Lyn 

LXNy 

19.794 

0.681014 

8 

92  U 

A/3  9 

LiMy 

18.2054 

0.62692 

5 

42  No 

w 

KMy 

19.776 

0.68199 

5 

88  Ra 

£72 

LiNn 

18.179 

0.62708 

5 

42  Mo 

mu 

KM\y 

19.771 

0.68639 

2 

95  Am 

Aft 

LiMn 

18.0627 

0.6276 

1 

90  Th 

L\Ni\ 

19.755 

0.6867 

1 

94  Pu 

Am 

Abs.  Edge 

18.054 

0.6299 

1 

90  Th 

£11 

Abs.  Edge 

19.683 

0.6874 

1 

88  Ra 

L1N1 

18.036 

0.62991 

9 

90  Th 

Aii-Piv 

19.682 

0.68760 

5 

92  U 

£fto 

LlMyy 

18.031 

0.6312 

1 

90  Th 

An  An,  hi 

19.642 

0.68883 

1 

40  Zr 

K 

Abs.  Edge 

17.9989 

0.6316 

1 

90  Th 

LnPi 

19.629 

0.68901 

5 

40  Zr 

Aft 

AAxv.v 

17.994 

0.632288 

9 

42  Mo 

m 

KM  m 

19.6083 

0.68920 

9 

93  Np 

Aft 

LiMm 

17.989 

0.63258 

4 

90  Th 

Lyz 

AnOiv 

19.599 

0.68993 

4 

40  Zr 

Aft 

KNiyni 

17.970 

0.632872 

2 

42  Mo 

m 

KM\\ 

19.5903 

0.69068 

2 

94  Pu 

Aft 

AiiiOiv.v 

17.9506 

0.63358 

9 

91  Pa 

Lyi 

LnN  iv 

19.568 

0.6932 

1 

88  Ra 

LnNy 

17.884 

0.63557 

2 

92  U 

Lyz 

LnNi 

19.5072 

0.69463 

5 

88  Ra 

£71 

LnNiy 

17.849 

0.63559 

4 

90  Th 

Lyz 

LiNm 

19.507 

0.6959 

1 

40  Zr 

Aft 

AAfiv.v 

17.815 

0.6356 

1 

90  Th 

An  Dm 

19.506 

0.698478 

9 

93  Np 

A/3, 

LnMiy 

17.7502 

0.6369 

1 

90  Th 

AnOn 

19.466 

0.7003 

1 

94  Pu 

Aft 

LniOi 

17.705 

0.63898 

5 

90  Th 

Lyz 

A11O1 

19.403 

0.701390 

9 

95  Am 

Aft 

LmNy 

17.6765 

0.64064 

9 

90  Th 

Lv 

LnNyj 

19.353 

0.70173 

3 

40  Zr 

Aft 

KM  hi 

17.6678 

0.6416 

1 

94  Pu 

Aft 

LiMy 

19.323 

0.7018 

1 

91  Pa 

Aft 

LiMy 

17.667 

0.64221 

4 

90  Th 

Lyz 

LiNu 

19.305 

0.70228 

4 

40  Zr 

Aft 

KMn 

17.654 

0.643083 

4 

44  Ru 

Kai 

KLm 

19.2792 

0.7031 

1 

94  Pu 

Lu 

AmA'vi.vn 

17.635 

0.6445 

1 

88  Ra 

Li 

Abs.  Edge 

19.236 

0.70341 

2 

95  Am 

A/3,6 

AmArv 

17.6258 

0.64513 

5 

88  Ra 

Lyn 

AiAii.iii 

19.218 

0.7043 

1 

88  Ra 

LnNni 

17.604 

0.6468 

1 

88  Ra 

AiOiv.v 

19.167 

0.70620 

2 

94  Pu 

Aft 

LiMn 

17.5560 

0.647408 

5 

44  Ru 

Kaz 

KLn 

19.1504 

0.70814 

2 

93  Np 

Aft 

AmOrv.v 

17.5081 

0.64755 

5 

90  Th 

AiTVi 

19.146 

0.7088 

2 

91  Pa 

Afto 

LiM\y 

17.492 

0.6482 

1 

94  Pu 

Aft  0 

L\Mi\ 

19.126 

0.709300 

1 

42  Mo 

Kai 

A Am 

17.47934 

0.64891 

2 

95  Am 

Aft 

LiMiu 

19.1059 

0.71029 

2 

92  U 

LPz 

LiMm 

17.4550 

0.64965 

5 

88  Ra 

£74 

L\Oiu 

19.084 

0.713590 

6 

42  Mo 

Kaz 

KLn 

17.3743 

0.65131 

5 

88  Ra 

£74' 

LiOu 

19.036 

0.71652 

9 

87  Fr 

Lyi 

LnNiy 

17.303 

0.6521 

1 

90  Th 

LUNy 

19.014 

0.71774 

5 

88  Ra 

Lyz 

LnNi 

17.274 

0.65298 

1 

41  Nb 

A 

Abs.  Edge 

18.9869 

0.71851 

2 

94  Pu 

Aft 

LmNy 

17.2553 

0.65313 

3 

90  Th 

£71 

£iiA7iv 

18.9825 

0.719984 

8 

92  U 

Aft 

LnMiy 

17.2200 

0.65318 

5 

41  Nb 

Aft 

KNjy,y 

18.981 

0.7205 

1 

94  Pu 

£/3l5 

LniNiy 

17.208 

0.65416 

4 

41  Nb 

m 

KNn.ui 

18.953 

0.7223 

1 

92  U 

Aiii 

Abs.  Edge 

17.165 

0.6550 

1 

91  Pa 

Lyz 

LnNi 

18.930 

0.72240 

5 

92  U 

AiiiAiv.v 

17.162 

0.657655 

9 

95  Am 

Aft 

LnM\y 

18.8520 

0.7234 

1 

90  Th 

Aft 

LiMy 

17.139 

0.6620 

1 

90  Th 

LnNin 

18.729 

0.72426 

5 

92  U 

Ani-Pii.in 

17.118 

0.6654 

1 

88  Ra 

Lyn 

LiNy 

18.633 

0.72521 

5 

92  U 

A111A1 

17.096 

0.66576 

2 

41  Nb 

Aft 

KM  Hi 

18.6225 

0.726305 

9 

92  U 

Aft 

AiiiOiv.v 

17.0701 

0.66634 

3 

41  Nb 

Aft 

KMn 

18.6063 

0.72671 

2 

93  Np 

Aft 

LiMn 

17.0607 

0.6666 

1 

88  Ra 

LlNiy 

18.600 

0.72766 

5 

39  Y 

A 

Abs.  Edge 

17.038 

0.66871 

2 

94  Pu 

Aft 

LiMm 

18.5405 

0.72776 

5 

39  Y 

Aft 

AAiv.v 

17.036 

0.6707 

1 

88  Ra 

£11 

Abs.  Edge 

18.486 

0.72864 

4 

39  Y 

Aft 

AAii.in 

17.0154 

0.6714 

1 

88  Ra 

AhAii.ih 

18.466 

0.7301 

1 

90  Th 

Afto 

LiMry 

16.981 

0.6724 

1 

88  Ra 

Aii  Pi 

18.439 

0.7309 

1 

92  U 

AinOin 

16.962 

0.67328 

5 

88  Ra 

Lyz 

AnOiv 

18.414 

0.73230 

5 

91  Pa 

Aft 

L\M  hi 

16.930 

0.67351 

9 

89  Ac 

Lyi 

AiiAiv 

18.408 

0.7333 

1 

92  U 

AinOn 

16.907 
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Table  VI  ( Continued ) 


Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

0.73418 

2 

95  Am 

LPz 

LxxxNx 

16.8870 

0.78292 

2 

38  Sr 

Kpx 

KMxxx 

15.8357 

0.7345 

1 

39  Y 

m 

KMxwy 

16.879 

0.78345 

3 

38  Sr 

Kpz 

KMxx 

15.8249 

0.73602 

6 

92  U 

LP  7 

LxxxOx 

16.845 

0.7858 

1 

82  Pb 

Lyx 

LxOxxx 

15.777 

0.736230 

9 

93  Np 

m 

LxxiNy 

16.8400 

0.78593 

1 

40  Zr 

Kax 

KLxxx 

15.7751 

0.738603 

9 

92  U 

Lu 

LxxiN\x,vxx 

16.7859 

0.78706 

7 

82  Pb 

Ly / 

LxOxx 

15.752 

0.73928 

9 

86  Rn 

Lyi 

LxxNxv 

16.770 

0.78748 

9 

84  Po 

Ly\ 

LxxNxy 

15.744 

0.74072 

2 

39  Y 

m 

KMxxx 

16.7378 

0.78838 

2 

92  U 

LPt 

LxxxNx 

15.7260 

0.74126 

3 

39  Y 

m 

KMxx 

16.7258 

0.7884 

1 

82  Pb 

LxNyxyxx 

15.725 

0.74232 

5 

91  Pa 

L(5i 

LxxMxw 

16.702 

0.7887 

1 

83  Bi 

Lxx 

Abs.  Edge 

15.719 

0.74503 

5 

92  U 

LP  17 

LxxMxxx 

16.641 

0.78903 

9 

89  Ac 

LPi 

LxiMjy 

15.713 

0.7452 

2 

91  Pa 

Lfc 

LxxxOxv.v 

16.636 

0.78917 

5 

83  Bi 

Ly  z 

LxN  hi 

15.7102 

0.74620 

1 

41  Nb 

Ken 

KLxxx 

16.6151 

0.7897 

1 

82  Pb 

LxOx 

15.699 

0.747985 

9 

92  U 

Lf$  4 

LxMxx 

16.5753 

0.79015 

1 

40  Zr 

Ka.2 

KLxx 

15.6909 

0.75044 

1 

41  Nb 

Ka2 

KLxx 

16.5210 

0.79043 

3 

83  Bi 

Lyz 

LxxOxw 

15.6853 

0.75148 

2 

94  Pu 

Lp  6 

LxxxNx 

16.4983 

0.79257 

4 

90  Th 

LPx 

LxMxx 

15.6429 

0.7546 

2 

91  Pa 

Lp  7 

LxxxOx 

16.431 

0.79257 

4 

90  Th 

LPn 

LxiMxxx 

15.6429 

0.754681 

9 

92  U 

LPi 

LxxxNy 

16.4283 

0.79354 

3 

90  Th 

Lp2 

LxxxMy 

15.6237 

0.75479 

3 

90  Th 

LPz 

LxMxxx 

16.4258 

0.79384 

5 

83  Bi 

LxxOxxx 

15.6178  v 

0.756642 

9 

92  U 

LPn 

LxxxNxv 

16.3857 

0.79539 

5 

90  Th 

Lpl  5 

LxxxNxy 

15.5875 

0.75690 

3 

83  Bi 

Lyiz 

LxPxx.xxx 

16.3802 

0.79565 

3 

83  Bi 

Ly  2 

LxNxx 

15.5824 

0.7571 

1 

83  Bi 

Lx 

Abs.  Edge 

16.376 

0.79721 

9 

83  Bi 

Lv 

LxxNwx 

15.552 

0.7579 

1 

90  Th 

LxxMy 

16.359 

0.7973 

1 

83  Bi 

Lyz 

LxxOx 

15.551 

0.75791 

5 

83  Bi 

LxOxv.v 

16.358 

0.8022 

1 

83  Bi 

LxNx 

15.456 

0.7591 

1 

94  Pu 

Ly 

LxxMx 

16.333 

0.80233 

9 

82  Pb 

Lyn 

LxNy 

15.453 

0.7607 

1 

90  Th 

Lm 

Abs.  Edge 

16.299 

0.80273 

5 

88  Ra 

Lpz 

LxMxxx 

15.4449 

0.76087 

9 

90  Th 

•^iiiPiv.v 

16.295 

0.8028 

1 

88  Ra 

Lxxx 

Abs.  Edge 

15.444 

0.76087 

3 

83  Bi 

Lyt 

LxOxxx 

16.2947 

0.80364 

7 

82  Pb 

LxNxy 

15.427 

0.76198 

3 

83  Bi 

Ly 4' 

LxOxx 

16.2709 

0.8038 

1 

88  Ra 

LxxxPxx.xxx 

15.425 

0.7625 

2 

90  Th 

LxxxPxx.xxx 

16.260 

0.8050 

1 

88  Ra 

LxxxPx 

15.402 

0.76289 

9 

85  At 

Ly  i 

Lxx  viv 

16.251 

0.80509 

2 

92  U 

Ly 

LxxMx 

15.3997 

0.76338 

5 

90  Th 

LxxxPx 

16.241 

0.80627 

5 

88  Ra 

Lpz 

LxxiOxyy 

15.3771 

0.7641 

5 

83  Bi 

LxNyxyxX 

16.23 

0.8079 

1 

91  Pa 

LPz 

LxxiNx 

15.347 

0.7645 

2 

84  Po 

Lyz 

LxxOxw 

16.218 

0.8081 

1 

81  T1 

Lx 

Abs.  Edge 

15.343 

0.76468 

5 

90  Th 

LPz 

LxxxOxyy 

16.213 

0.8082 

1 

90  Th 

15.341 

0.765210 

9 

90  Th 

LPi 

LxxMxw 

16.2022 

0.80861 

5 

81  T1 

TiOiv.v 

15.3327 

0.76857 

5 

88  Ra 

Lpz 

LxMw 

16.131 

0.81163 

9 

90  Th 

LxMx 

15.276 

0.769 

1 

93  Np 

Lpz 

LxxxNx 

16.13 

0.81184 

5 

81  T1 

Lyx 

LxOxxx 

15.2716 

0.7690 

1 

90  Th 

Lx  iiOm 

16.123 

0.81308 

5 

81  T1 

Ly\ 

LxOxx 

15.2482 

0.7691 

1 

92  U 

LxxxNxxx 

16.120 

0.81311 

2 

83  Bi 

Ly  i 

LxxNxv 

15.2477 

0.76973 

5 

38  Sr 

K 

Abs.  Edge 

16.107 

0.81375 

5 

88  Ra 

Lpi 

LxxMxw 

15.2358 

0.7699 

1 

91  Pa 

LPx 

LxMxx 

16.104 

0.8147 

1 

82  Pb 

Lyz 

LxNxxx 

15.218 

0.76989 

5 

38  Sr 

KPx 

KNrvy 

16.104 

0.81538 

5 

82  Pb 

Lxx 

Abs.  Edge 

15.2053 

0.77081 

3 

38  Sr 

KPt 

KNxx.xxx 

16.0846 

0.8154 

2 

37  Rb 

Kpx 

KNxyy 

15.205 

0.7713 

1 

90  Th 

LxxxOxx 

16.074 

0.81554 

5 

37  Rb 

K 

Abs.  Edge 

15.2023 

0.772 

1 

84  Po 

Ly2 

LxNxx 

16.07 

0.8158 

1 

81  T1 

LxOx 

15.198 

0.7737 

1 

91  Pa 

Lpz 

LxxxNw 

16.024 

0.81583 

5 

82  Pb 

LxxPx 

15.1969 

0.77437 

4 

90  Th 

LPx 

LxxxOx 

16.0105 

0.8162 

1 

88  Ra 

LPx 

LxxxOx 

15.190 

0.77546 

5 

88  Ra 

LPio 

LxMjy 

15.988 

0.81645 

3 

37  Rb 

KPz 

KNxx.xxx 

15.1854 

0.7764 

1 

38  Sr 

Kpb 

KMxwy 

15.969 

0.81683 

5 

82  Pb 

Lyz 

LxxOxw 

15.1783 

0.77661 

5 

90  Th 

Lu 

Tiii-Yvi.vii 

15.964 

0.8186 

1 

88  Ra 

Lu 

LxxxNvx.vxx 

15.146 

0.77728 

5 

83  Bi 

Lyn 

LxNy 

15.951 

0.8190 

2 

90  Th 

LxxxNxx 

15.138 

0.77822 

9 

89  Ac 

LPz 

LxMxxx 

15.931 

0.8200 

1 

82  Pb 

LxxOxxx 

15.120 

0.77954 

5 

83  Bi 

LxNxy 

15.904 

0.8210 

2 

82  Pb 

Ly  2 

LxNxx 

15.101 

0.78017 

9 

92  U 

LxxxNxx 

15.892 

0.8219 

1 

37  Rb 

KPz 

KMxwy 

15.085 

0.7809 

2 

93  Np 

Ly 

LxxMx 

15.876 

0.82327 

7 

82  Pb 

Lv 

LxxNwx 

15.060 

0.78196 

5 

82  Pb 

Lx 

Abs.  Edge 

15.855 

0.82365 

5 

82  Pb 

Lyz 

LxxOx 

15.0527 

0.78257 

7 

82  Pb 

LxOxwy 

15.843 

0.8248 

1 

83  Bi 

LxxNxxx 

15.031 
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Table  VI  {Continued) 


Wavelength 

A* 

p.e 

. Element 

Designation 

keV 

Wavelength 

A* 

p.e 

Element 

Designation 

keV 

0.82789 

9 

87  Fr 

Lflz 

LjMju 

14.976 

0.87088 

5 

88  Ra 

Lpi 

LuiNi 

14.2362 

0.82790 

8 

90  Th 

Lp  6 

LmNi 

14.975 

0.8722 

1 

80  Hg 

Ln 

Abs.  Edge 

14.215 

0.82859 

7 

82  Pb 

LiN x 

14.963 

0.87319 

7 

80  Hg 

Lyi 

FnOiv 

14.199 

0.82868 

2 

37  Rb 

Kfii 

KM  in 

14.9613 

0.87526 

1 

38  Sr 

Kai 

KLin 

14.1650 

0.82879 

5 

81  T1 

Lyn 

LlNy 

14.9593 

0.87544 

7 

80  Hg 

Lyi 

LiNn 

14.162 

0.82884 

1 

39  Y 

Ken 

KLin 

14.9584 

0.8758 

1 

80  Hg 

LnOin 

14.156 

0.82921 

3 

37  Rb 

m 

KMn 

14.9517 

0.8784 

1 

80  Hg 

LnOu 

14.114 

0.8295 

1 

91  Pa 

Lt) 

LjiMj 

14.946 

0.8785 

1 

36  Kr 

KPi 

KMm 

14.112 

0.83001 

7 

81  T1 

LiNiv 

14.937 

0.87885 

7 

80  Hg 

Lv 

LnNyi 

14.107 

0.83305 

1 

39  Y 

Kot2 

KLu 

14.8829 

0.8790 

1 

36  Kr 

KPi 

KMn 

14.104 

0.8338 

1 

90  Th 

L\\Mi\ 

14.869 

0.87943 

1 

38  Sr 

Kai 

KLn 

14.0979 

0.8344 

9 

83  Bi 

LiiNn 

14.86 

0.87995 

7 

80  Hg 

Lyi 

LnOi 

14.090 

0.8350 

2 

80  Hg 

LiOjyy 

14.847 

0.87996 

5 

81  T1 

LiiNm 

14.0893 

0.8353 

1 

80  Hg 

Li 

Abs.  Edge 

14.842 

0.88028 

2 

94  Pu 

Lai 

LmMiy 

14.0842 

0.83537 

5 

88  Ra 

Lp-2 

LujNy 

14.8414 

0.88135 

9 

85  At 

Lfiz 

LiMm 

14.067 

0.83722 

5 

88  Ra 

Lpu 

LmNiv 

14.8086 

0.8827 

2 

80  Hg 

LiN! 

14.045 

0.8382 

2 

82  Pb 

LnNv 

14.791 

0.88433 

7 

79  Au 

Lyn 

LlNy 

14.020 

0.83894 

7 

80  Hg 

Lyi 

LiOui 

14.778 

0.88563 

7 

79  Au 

LiNiy 

13.999 

0.83923 

5 

83  Bi 

Lyb 

LuNi 

14.7732 

0.8882 

2 

81  T1 

LuMu 

13.959 

0.83940 

9 

87  Fr 

Lpi 

LnM\\ 

14.770 

0.889128 

9 

93  Np 

La\ 

LmMy 

13.9441 

0.83973 

3 

82  Pb 

Ly  i 

LllNyy 

14.7644 

0.8931 

1 

78  Pt 

Li 

Abs.  Edge 

13.883 

0.84013 

7 

80  Hg 

Ly 

LiOn 

14.757 

0.8934 

1 

78  Pt 

FiOv 

13.878 

0.84071 

5 

88  Ra 

Lfi  4 

LiMii 

14.7472 

0.89349 

9 

85  At 

Lfii 

FuMiv 

13.876 

0.84130 

4 

81  T1 

Lyz 

LiNin 

14.7368 

0.8943 

1 

78  Pt 

FiOiv 

13.864 

0.8434 

1 

81  T1 

Lii 

Abs.  Edge 

14.699 

0.89500 

4 

81  T1 

Lyi 

LnNi 

13.8526 

0.8438 

1 

88  Ra 

Lfin 

Aiilfin 

14.692 

0.89646 

5 

80  Hg 

Ly , 

LnNiy 

13.8301 

0.8442 

2 

81  T1 

Lyi 

FnOiv 

14.685 

0.89659 

4 

78  Pt 

Lyi 

LiOui 

13.8281 

0.8452 

2 

80  Hg 

LiOi 

14.670 

0.89747 

4 

78  Pt 

Lyi' 

LiOn 

13.8145 

0.84773 

5 

81  T1 

Lyi 

LiNii 

14.6251 

0.89783 

5 

79  Au 

Lyi 

LiNin 

13.8090 

0.848187 

9 

95  Am 

La  i 

LniMy 

14.6172 

0.89791 

3 

83  Bi 

Lp  9 

LlMy 

13.8077 

0.8490 

1 

81  T1 

LnOu 

14.604 

0.8995 

2 

78  Pt 

LiOi 

13.784 

0.85048 

5 

81  T1 

Lv 

LnNyi 

14.5777 

0.8996 

2 

84  Po 

LPi 

FmOiv.v 

13.782 

0.8512 

1 

88  Ra 

LuiNni 

14.566 

0.901045 

9 

93  Np 

Lai 

LmMiy 

13.7597 

0.8513 

2 

81  T1 

Lyi 

L\iO\ 

14.564 

0.90259 

5 

79  Au 

Ln 

Abs.  Edge 

13.7361 

0.85192 

7 

82  Pb 

FiiA7iij 

14.553 

0.90297 

3 

79  Au 

Lyi 

FnOiv 

13.7304 

0.85436 

9 

86  Rn 

LPz 

LiMni 

14.512 

0.90434 

3 

79  Au 

Lyi 

LiNu 

13.7095 

0.85446 

4 

90  Th 

Lv 

LnMi 

14.5099 

0.90495 

4 

83  Bi 

LPi  o 

LlMiy 

13.7002 

0.8549 

1 

81  T1 

LiNi 

14.503 

0.90638 

7 

79  Au 

LiiOm 

13.679 

0.85657 

7 

80  Hg 

Lyu 

LjNy 

14.474 

0.90742 

5 

88  Ra 

Lv 

LnMi 

13.6630 

0.858 

2 

87  Fr 

Lfii 

LlllNy 

14.45 

0.90746 

7 

79  Au 

LnOu 

13.662 

0.8585 

3 

82  Pb 

LuNn 

14.442 

0.90837 

5 

79  Au 

Lv 

LnNyi 

13.6487 

0.860266 

9 

95  Am 

Lai 

LmMiy 

14.4119 

0.90894 

7 

80  Hg 

LiiNm 

13.640 

0.8618 

1 

88  Ra 

LmNn 

14.387 

0.9091 

3 

84  Po 

Lpi 

LiMm 

13.638 

0.86376 

5 

79  Au 

Li 

Abs.  Edge 

14.3537 

0.90989 

5 

79  Au 

Lyg 

LnOi 

13.6260 

0.86400 

5 

79  Au 

F-iOiv.v 

14.3497 

0.910639 

9 

92  U 

La\ 

LmMy 

13.6147 

0.8653 

2 

36  Kr 

Kpi 

KN1V,y 

14.328 

0.9131 

1 

79  Au 

LiNi 

13.578 

0.86552 

1 

36  Kr 

K 

Abs.  Edge 

14.3244 

0.9143 

2 

78  Pt 

Lyn 

LlNy 

13.560 

0.86605 

9 

86  Rn 

Lpi 

LnMiy 

14.316 

0.9204 

1 

35  Br 

K 

Abs.  Edge 

13.470 

0.8661 

1 

36  Kr 

Kfh 

KNn.ni 

14.315 

0.92046 

2 

35  Br 

KPi 

KNn.m 

13.4695 

0.86655 

5 

82  Pb 

Lyi 

LnN i 

14.3075 

0.9220 

2 

84  Po 

Lpi 

LnMiy 

13.447 

0.86703 

4 

79  Au 

Lyi 

FiOin 

14.2996 

0.922558 

9 

92  U 

Lai 

LmMiy 

13.4388 

0.86752 

3 

81  T1 

Ly\ 

LnNiy 

14.2915 

0.9234 

1 

83  Bi 

Am 

Abs.  Edge 

13.426 

0.86816 

4 

79  Au 

Ly^ 

LjOn 

14.2809 

0.9236 

1 

77  Ir 

Fi 

Abs.  Edge 

13.423 

0.86830 

2 

94  Pu 

Lai 

LmMy 

14.2786 

0.92413 

4 

83  Bi 

Fiii-Pii.iii 

13.4159 

0.86915 

7 

80  Hg 

Lyi 

LiNni 

14.265 

0.9243 

3 

77  Ir 

FiOiv.v 

13.413 

0.87074 

5 

79  Au 

LiOi 

14.2385 

0.92453 

7 

80  Hg 

Lyi 

LnNi 

13.410 

0.8708 

2 

36  Kr 

m 

KM\yy 

14.238 

0.9255 

1 

35  Br 

Kpi 

KAI  iv, v 

13.396 
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Table  VI  ( Continued ) 


Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

0.925553 

9 

37  Rb 

Km 

KLui 

13.3953 

0.96788 

2 

90  Th 

La, 

£mAfiv 

12.8096 

0.92556 

3 

83  Bi 

m 

LmOiv.y 

13.3953 

0.96911 

7 

82  Pb 

£0i 

£iAfm 

12.7933 

0.92650 

3 

79  Au 

Ly  i 

LuNiv 

13.3817 

0.96979 

5 

77  Ir 

£iiOiii 

12.7843 

0.9268 

1 

82  Pb 

£0  9 

L\My 

13.377 

0.97161 

6 

77  Ir 

Lv 

£iiAvi 

12.7603 

0.92744 

3 

77  Ir 

£74 

LiOm 

13.3681 

0.97173 

4 

78  Pt 

£ii7Viii 

12.7588 

0.92791 

5 

78  Pt 

LiNui 

13.3613 

0.97321 

5 

83  Bi 

£iii7Vm 

12.7394 

0.92831 

3 

77  Ir 

£74' 

L\0\\ 

13.3555 

0.97409 

3 

77  Ir 

Lys 

£iiOi 

12.7279 

0.92937 

5 

84  Po 

£0  2 

LuiNy 

13.3404 

0.9747 

1 

82  Pb 

£nMv 

12.720 

0.92969 

1 

37  Rb 

£«2 

KLU 

13.3358 

0.9765 

3 

76  Os 

Lyn 

LiNy 

12.696 

0.9302 

2 

83  Bi 

LniOin 

13.328 

0.9766 

2 

77  Ir 

L1N1 

12.695 

0.9312 

2 

84  Po 

£0 15 

LmNiv 

13.314 

0.97690 

4 

83  Bi 

£04 

L1M11 

12.6912 

0.9323 

2 

83  Bi 

£iiiOii 

13.298 

0.9772 

3 

76  Os 

L\N  iv 

12.687 

0.93279 

2 

35  Br 

£01 

£^m 

13.2914 

0.9792 

2 

78  Pt 

£iiW„ 

12.661 

0.93284 

5 

91  Pa 

Lai 

£iii-Mv 

13.2907 

0.97926 

5 

81  Ti 

£hi£ii,iii 

12.6607 

0.93327 

5 

35  Br 

£03 

13.2845 

0.9793 

1 

81  T1 

£m 

Abs.  Edge 

12.660 

0.9339 

2 

82  Pb 

£fro 

£iMiv 

13.275 

0.97974 

1 

34  Se 

£ 

Abs.  Edge 

12.6545 

0.93414 

5 

78  Pt 

£11 

Abs.  Edge 

13.2723 

0.97992 

5 

34  Se 

£02 

££n.m 

12.6522 

0.9342 

2 

78  Pt 

£76 

£iiOiv 

13.271 

0.97993 

5 

89  Ac 

La\ 

£iii-J£v 

12.6520 

0.93427 

5 

78  Pt 

£72 

£iVii 

13.2704 

0.9801 

1 

36  Kr 

Kai 

££in 

12.649 

0.93505 

5 

83  Bi 

£07 

£111  Oi 

13.2593 

0.98058 

3 

81  T1 

£06 

£niOrv,v 

12.6436 

0.93505 

5 

83  Bi 

Lu 

£iii7Vvi,vii 

13.2593 

0.98221 

7 

82  Pb 

£02 

£iiiVv 

12.6226 

0.93855 

3 

83  Bi 

£03 

£iMin 

13.2098 

0.98280 

5 

83  Bi 

£iiiVii 

12.6151 

0.93931 

5 

78  Pt 

Lv 

£ii7Vvi 

13.1992 

0.98291 

3 

82  Pb 

£0i 

£nMrv 

12.6137 

0.9402 

2 

79  Au 

£ii7Viii 

13.186 

0.98389 

7 

82  Pb 

£015 

LiuN  iv 

12.6011 

0.9411 

1 

78  Pt 

£78 

£11  Oi 

13.173 

0.9841 

1 

36  Kr 

Ka  2 

KL11 

12.598 

0.94419 

5 

83  Bi 

£nMv 

13.1310 

0.9843 

1 

34  Se 

m 

KMyy  ,v 

12.595 

0.9446 

2 

77  Ir 

£711 

LjNv 

13.126 

0.98538 

5 

81  T1 

£iiiOiii 

12.5820 

0.94482 

5 

91  Pa 

La, 

LmMiv 

13.1222 

0.9871 

2 

80  Hg 

£09 

L\My 

12.560 

0.9455 

2 

78  Pt 

LXN1 

13.113 

0.98738 

5 

81  T1 

LinOn 

12.5566 

0.9459 

2 

77  Ir 

LiNIV 

13.108 

0.9877 

2 

78  Pt 

Ly  5 

LnNx 

12.552 

0.9475 

3 

84  Po 

£04 

£iM„ 

13.086 

0.9888 

1 

81  T1 

Lu 

LuiNyiyn 

12.538 

0.95073 

5 

82  Pb 

£111 

Abs.  Edge 

13.0406 

0.98913 

5 

83  Bi 

LPn 

LllMin 

12.5344 

0.95118 

7 

82  Pb 

£iii£n,in 

13.0344 

0.9894 

1 

75  Re 

Li 

Abs.  Edge 

12.530 

0.951978 

9 

83  Bi 

£0i 

£nMrv 

13.0235 

0.9900 

1 

75  Re 

£iOrv,v 

12.524 

0.9526 

1 

82  Pb 

£06 

£iiiOiv,v 

13.015 

0.99017 

5 

81  T1 

£07 

£iiiOi 

12.5212 

0.95518 

4 

83  Bi 

£02 

£iii7Vv 

12.9799 

0.99085 

3 

77  Ir 

£71 

£iiA7iv 

12.5126 

0.95559 

3 

79  Au 

£76 

£iiWi 

12.9743 

0.99178 

5 

89  Ac 

Lai 

£iiiMiv 

12.5008 

0.9558 

1 

76  Os 

£1 

Abs.  Edge 

12.972  V 

0.99186 

5 

76  Os 

£73 

LiNul 

12.4998 

0.95600 

3 

90  Th 

Lai 

£iii3/v 

12.9687 

0.99218 

3 

34  Se 

£0i 

KMn  1 

12.4959 

0.95603 

5 

76  Os 

£iOiv,v 

12.9683 

0.99249 

5 

75  Re 

£74 

£iOm 

12.4920 

0.95675 

7 

81  T1 

£09 

£iMv 

12.9585 

0.99268 

5 

34  Se 

£03 

KMn 

12.4896 

0.95702 

5 

83  Bi 

£0 16 

£iii7Viv 

12.9549 

0.99331 

3 

83  Bi 

£06 

LiuNi 

12.4816 

0.9578 

1 

82  Pb 

£inOm 

12.945 

0.99334 

5 

75  Re 

£74' 

L\On 

12.4813 

0.95797 

3 

78  Pt 

£71 

£ii7Viv 

12.9420 

0.9962 

2 

80  Hg 

£0io 

LiMyy 

12.446 

0.9586 

1 

82  Pb 

£iiiOii 

12.934 

0.9965 

1 

75  Re 

L1O1 

12.442 

0.95931 

5 

77  Ir 

£73 

£i7V  hi 

12.9240 

0.99805 

5 

76  Os 

£72 

£iWii 

12.4224 

0.95938 

8 

76  Os 

£74 

£iOin 

12.923 

1.0005 

1 

82  Pb 

£iii7Vm 

12.392 

0.96033 

8 

76  Os 

£74' 

£iOn 

12.910 

1.0005 

9 

83  Bi 

£iMi 

12.39 

0.96133 

7 

82  Pb 

Lu 

£iii£vi,vii 

12.8968 

1.00062 

3 

81  T1 

£03 

£iA/iii 

12.3904 

0.9620 

1 

82  Pb 

£07 

£iiiOi 

12.888 

1.00107 

5 

76  Os 

£76 

AiiOiv 

12.3848 

0.96318 

7 

76  Os 

£iOi 

12.8721 

1.0012 

6 

95  Am 

LI 

LiuMi 

12.384 

0.9636 

1 

92  U 

£5 

£iii3/ni 

12.866 

1.0014 

1 

76  Os 

£11 

Abs.  Edge 

12.381 

0.96389 

7 

81  T1 

£010 

LiM  iv 

12.8626 

1.0047 

2 

76  Os 

£iiOm 

12.340 

0.96545 

3 

77  Ir 

£72 

£iiV„ 

12.8418 

1.00473 

5 

88  Ra 

Lai 

LmMy 

12.3397 

0.96708 

4 

77  Ir 

£76 

£iiOiv 

12.8201 

1.0050 

2 

76  Os 

Lv 

LuNyi 

12.337 

0.9671 

1 

77  Ir 

£11 

Abs.  Edge 

12.820 

1.0054 

3 

77  Ir 

LiiNni 

12.332 

0.9672 

2 

84  Po 

£06 

£miVi 

12.819 

1.00722 

5 

81  T1 

LuMy 

12.3093 
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Table  VI  ( Continued, ) 


Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

1.0075 

1 

82  Pb 

Z/34 

L\M\\ 

12.306 

1.04500 

3 

33  As 

Kfii 

KNu.xn 

11.8642 

1.00788 

5 

76  Os 

Z78 

L\\0\ 

12.3012 

1.0458 

1 

74  W 

Lyn 

LlNy 

11.856 

1.0091 

1 

80  Hg 

L\n 

Abs.  Edge 

12.286 

1.0468 

2 

74  W 

LlNiy 

11.844 

1.00987 

7 

80  Hg 

Lp  6 

ZmOiv.v 

12.2769 

1.04752 

5 

79  Au 

Lu 

ZiiiAvx.vii 

11.8357 

1.01031 

3 

81  T1 

LPi 

ZmAv 

12.2715 

1.04868 

5 

80  Hg 

L/3i 

ZiiMrv 

11.8226 

1.01040 

7 

82  Pb 

ZiiiAii 

12.2705 

1.0488 

1 

33  As 

KM\y,y 

11.822 

1.0108 

1 

75  Re 

Ly  ii 

LlNy 

12.266 

1.04963 

5 

81  T1 

Lp  6 

Z111A1 

11.8118 

1.0112 

1 

90  Th 

Z* 

LiuMin 

12.261 

1.04974 

8 

79  Au 

LPi 

ZinOi 

11.8106 

1.0119 

1 

75  Re 

LlNjy 

12.252 

1.05446 

5 

78  Pt 

Lp  9 

ZiMy 

11.7577 

1.0120 

2 

77  Ir 

LuNu 

12.251 

1.05609 

7 

81  T1 

LPn 

LiiMui 

11.7397 

1.01201 

3 

81  T1 

Lp  is 

ZiniVrv 

12.2510 

1.05693 

5 

76  Os 

Lyb 

LuNi 

11.7303 

1.01404 

7 

80  Hg 

ZmOiii 

12.2264 

1.05723 

5 

86  Rn 

La\ 

LuiMy 

11.7270 

1.01513 

4 

81  T1 

Z/3 1 

ZnAfiv 

12.2133 

1.05730 

2 

33  As 

KPx 

KMui 

11.7262 

1.01558 

7 

80  Hg 

ZiiiOn 

12.2079 

1.05783 

5 

33  As 

Kpi 

KMU 

11.7203 

1.01656 

5 

88  Ra 

Lai 

ZiiiMiv 

12.1962 

1.0585 

1 

80  Hg 

ZiiiAin 

11.713 

1.01674 

7 

80  Hg 

Lu 

7-1 II  Ay  II 

12.1940 

1.05856 

3 

83  Bi 

Lri 

LuMj 

11.7122 

1.01769 

7 

80  Hg 

Lu' 

ZiuAvi 

12.1826 

1.06099 

5 

75  Re 

Ly  1 

LuNiv 

11.6854 

1.01937 

7 

SO  Hg 

L(3  7 

ZmOi 

12.1625 

1.0613 

1 

73  Ta 

Zi 

Abs.  Edge 

11.682 

1.02063 

7 

79  Au 

Lpe 

ZiMv 

12.1474 

1.06183 

7 

78  Pt 

LP10 

LlM\y 

11.6762 

1.0210 

1 

82  Pb 

Z/ 3s 

ZinAj 

12.143 

1.06192 

9 

73  Ta 

ZiOiv.v 

11.6752 

1.02175 

5 

77  Ir 

Z78 

ZnAj 

12.1342 

1.06200 

6 

74  W 

Lyi 

Z1A111 

11.6743 

1.0223 

1 

82  Pb 

Z/S17 

ZiiMin 

12.127 

1.06357 

9 

73  Ta 

ZiAvi.vii 

11.6570 

1.0226 

1 

94  Pu 

ZJ 

ZiiiATi 

12.124 

1.0644 

2 

82  Pb 

ZnAfu 

11.648 

1.02467 

5 

74  W 

Ai 

Abs.  Edge 

12.0996 

1.0644 

2 

81  T1 

L1M1 

11.648 

1.0250 

2 

74  W 

ZiOiv.v 

12.095 

1.06467 

3 

73  Ta 

Lyi 

LjOin 

11.6451 

1.02503 

5 

76  Os 

Z71 

ZnAxv 

12.0953 

1.0649 

2 

80  Hg 

ZiiiAn 

11.642 

1.02613 

7 

75  Re 

Lyz 

ZiAm 

12.0824 

1.06544 

3 

73  Ta 

Z74' 

Z1O11 

11.6366 

1.02775 

3 

74  W 

Lye 

ZiOm 

12.0634 

1.06712 

2 

92  U 

Z/ 

ZiuMi 

11.6183 

1.02789 

7 

79  Au 

Lf3 10 

Zilfiv 

12.0617 

1.06771 

9 

73  Ta 

Z1O1 

11.6118 

1.0286 

1 

81  T1 

ZiiiAin 

12.053 

1.06785 

9 

79  Au 

LPz 

LiMm 

11.6103 

1.02863 

3 

74  W 

ZW 

L\On 

12.0530 

1.06806 

3 

74  W 

Lyi 

LiNn 

11.6080 

1.03049 

5 

87  Fr 

Lai 

LuiMy 

12.0313 

1.06899 

5 

86  Rn 

Lai 

LmMiy 

11.5979 

1.0317 

3 

74  W 

L1O1 

12.017 

1.07022 

3 

79  Au 

Lpi 

ZiiiAv 

11.5847 

1.03233 

5 

75  Re 

Lyi 

LiNn 

12.0098 

1.07188 

5 

79  Au 

Z/3,5 

ZinAiv 

11.5667 

1.0323 

2 

82  Pb 

L\Ml 

12.010 

1.07222 

7 

80  Hg 

LPi 

LiMn 

11.5630 

1.03358 

7 

80  Hg 

LPz 

L\M\\\ 

11.9953 

1.0723 

1 

78  Pt 

Lui 

Abs.  Edge 

11.562 

1.0346 

9 

83  Bi 

LiMn 

11.98 

1.0724 

2 

78  Pt 

Lpb 

ZiuOiv.v 

11.561 

1.0347 

1 

92  U 

LI 

L1u.M11 

11.982 

1.07448 

5 

74  W 

Lye 

ZnOiv 

11.5387 

1.03699 

9 

75  Re 

Lye 

LnOiw 

11.956 

1.0745 

1 

74  W 

L\\ 

Abs.  Edge 

11.538 

1.0371 

1 

75  Re 

Ln 

Abs.  Edge 

11.954 

1.0756 

2 

79  Au 

LuMy 

11.526 

1.03876 

7 

79  Au 

ZiiiPii.iii 

11.9355 

1.0761 

3 

78  Pt 

ZiiiOii.iii 

11.521 

1.03918 

3 

81  T1 

Lp 4 

LiiMn 

11.9306 

1.0767 

1 

75  Re 

ZiiAiii 

11.515 

1.0397 

1 

75  Re 

LnOm 

11.925 

1.0771 

1 

74  W 

Lv 

LuNyi 

11.510 

1.03973 

5 

76  Os 

ZiiAin 

11.9243 

1.07896 

5 

78  Pt 

Lu 

ZmAvi.vn 

11.4908 

1.03974 

2 

35  Br 

Kai 

KLui 

11.9242 

1.0792 

2 

74  W 

ZiiOin 

11.488 

1.03975 

7 

80  Hg 

Lpi 

LniNy 

11.9241 

1.07975 

7 

80  Hg 

Lpe 

Z111A1 

11.4824 

1.04000 

5 

79  Au 

L\u 

Abs.  Edge 

11.9212 

1.08009 

9 

90  Th 

Lt 

ZiiiMn 

11.4788 

1.0404 

1 

75  Re 

Lv 

Z-iiAvi 

11.917 

1.08113 

4 

74  W 

Ly% 

ZnOi 

11.4677 

1.04044 

3 

79  Au 

Lpb 

ZiiiOiv.v 

11.9163 

1.08168 

3 

78  Pt 

LPi 

ZinOi 

11.4619 

1.04151 

7 

80  Hg 

Z/3l6 

ZiiiAiv 

11.9040 

1.08205 

7 

73  Ta 

Lyn 

LlNy 

11.4580 

1.0420 

1 

75  Re 

LiNi 

11.899 

1.08353 

3 

79  Au 

LPi 

LnMjy 

11.4423 

1.04230 

5 

87  Fr 

Lai 

LmMiy 

11.8950 

1.08377 

7 

73  Ta 

LlNiy  l 

11.4398 

1.0428 

6 

93  Np 

LI 

LuiMi 

11.890 

1.0839 

1 

75  Re 

LnNn 

11.438 

1.04382 

2 

35  Br 

Kai 

KLn 

11.8776 

1.08500 

5 

85  At 

Lax 

LuiMy 

11.4268 

1.04398 

5 

75  Re 

Lye 

LnO\ 

11.8758 

1.08975 

5 

77  Ir 

Lpe 

LiMy 

11.3770 

1.0450 

2 

79  Au 

LinOu.in 

11.865 

1.09026 

7 

79  Au 

LiiiNni 

11.3717 

1.0450 

1 

33  As 

K 

Abs.  Edge 

11.865 

1.0908 

1 

91  Pa 

n 

LmMi 

11.366 

31 
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Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

1.0916 

5 

80  Hg 

A/Sn 

AiiA/in 

11.358 

1.13687 

9 

73  Ta 

AnA7v 

10.9055 

1.09241 

7 

82  Pb 

At? 

LnMi 

11.3493 

1.13707 

3 

77  Ir 

Afts 

AmAiv 

10.9036 

1.09388 

5 

75  Re 

-Ay  5 

LnNi 

11.3341 

1 . 13794 

3 

73  Ta 

Ayi 

AniViv 

10.8952 

1.09671 

5 

85  At 

Lai 

LmMiv 

11.3048 

1 . 13841 

5 

72  Hf 

Ay3 

AiAr  m 

10.8907 

1.09702 

4 

77  Ir 

L& io 

AiMrv 

11.3016 

1.1387 

5 

80  Hg 

AnAfn 

10.888 

1.09855 

3 

74  W 

Ay  i 

AniViv 

11.2859 

1 . 1402 

1 

71  Lu 

Ai 

Abs.  Edge 

10.8740 

1.09936 

4 

73  Ta 

Ay  3 

Aitfm 

11.2776 

1.1405 

1 

76  Os 

Aft 

AniOrv.v 

10.8711 

1.0997 

1 

81  T1 

AnAfn 

11.274 

1 . 1408 

1 

76  Os 

Am 

Abs.  Edge 

10.8683 

1.0997 

1 

72  Hf 

Ai 

Abs.  Edge 

11.274 

1 . 14085 

3 

77  Ir 

Aft 

AiAfm 

10.8674 

1.09968 

7 

79  Au 

AmiVn 

11.2743 

1 . 14223 

5 

78  Pt 

Aft 

AiMn 

10.8543 

1.0999 

2 

80  Hg 

L\M\ 

11.272 

1.1435 

1 

71  Lu 

Ay4 

AiOn.in 

10.8425 

1 . 10086 

9 

72  Hf 

AiOiv 

11.2622 

1 . 14355 

5 

78  Pt 

Aft 

Amtfi 

10.8418 

1 . 10200 

3 

78  Pt 

Aft 

AinAv 

11.2505 

1 . 14386 

2 

83  Bi 

Loci 

Ln\M\ 

10.8388 

1.10303 

5 

72  Hf 

Ay4 

AiOin 

11.2401 

1 . 14442 

5 

72  Hf 

Lyi 

LiNu 

10.8335 

1.10376 

5 

72  Hf 

Ay/ 

AiOn 

11.2326 

1.14537 

7 

76  Os 

Lu 

AniAvivn 

10.8245 

1.10394 

5 

78  Pt 

Aft 

AiA/m 

11.2308 

1 . 1489 

2 

77  Ir 

AnLfy 

10.791 

1.10477 

2 

34  Se 

£ai 

A Am 

11.2224 

1 . 14933 

8 

76  Os 

Aft 

AmOi 

10.7872 

1.1053 

1 

73  Ta 

Ay2 

AiA„ 

11.217 

1.1548 

1 

72  Hf 

An 

Abs.  Edge 

10.7362 

1 . 1058 

1 

77  Ir 

Am 

Abs.  Edge 

11.212 

1.15519 

5 

72  Hf 

Ay6 

AnOrv 

10.7325 

1 . 10585 

3 

77  Ir 

Aft 

AmOiv.v 

11.2114 

1.1553 

1 

73  Ta 

AirV  hi 

10.7316 

1 . 10651 

3 

79  Au 

Aft 

AiJAn 

11.2047 

1.15536 

1 

83  Bi 

Loc<i 

AmLfiv 

10.73091 

1.10664 

9 

72  Hf 

AiOi 

11.2034 

1.1560 

3 

77  Ir 

AniTV  in 

10.725 

1 . 10882 

2 

34  Se 

Aa2 

AAn 

11.1814 

1.15781 

3 

77  Ir 

Aft 

AiiLfrv 

10.7083 

1 . 10923 

6 

77  Ir 

AniOn.m 

11.1772 

1.15830 

9 

72  Hf 

Lv 

AiiYyi 

10.7037 

1.11092 

3 

79  Au 

Aft 

AinAj 

11.1602 

1.1600 

2 

73  Ta 

AnAn 

10.688 

1.11145 

4 

77  Ir 

Lu 

AmATvi,vii 

11.1549 

1.16107 

9 

71  Lu 

Ayn 

LlNy 

10.6782 

1.1129 

2 

78  Pt 

AiiMv 

11.140 

1.16138 

5 

72  Hf 

Ays 

LnOi 

10.6754 

1.1137 

1 

73  Ta 

An 

Abs.  Edge 

11.132 

1.16227 

9 

71  Lu 

LiNiv 

10.6672 

1.11386 

4 

84  Po 

Loci 

LniMy 

11.1308 

1.1640 

1 

80  Hg 

At? 

LnMr 

10.6512 

1.11388 

3 

73  Ta 

Ays 

AiiOiv 

11.1306 

1.16487 

4 

75  Re 

Aft 

L\My 

10.6433 

1.11489 

3 

77  Ir 

Aft 

AmOi 

11.1205 

1.16545 

5 

77  Ir 

L\\\N\\ 

10.6380 

1.1149 

2 

74  W 

AiiAm 

11.120 

1.1667 

1 

78  Pt 

L0n 

LnMui 

10.6265 

1.11508 

4 

90  Th 

A/ 

LmMi 

11.1186 

1.16719 

5 

88  Ra 

LI 

LmMi 

10.6222 

1.11521 

9 

73  Ta 

L\Ni 

11.1173 

1 . 16962 

9 

78  Pt 

L\M\ 

10.6001 

1.1158 

1 

73  Ta 

Lv 

AnAvi 

11.1113 

1.16979 

8 

76  Os 

Aft 

Ani-Vv 

10.5985 

1.11658 

5 

32  Ge 

K 

Abs.  Edge 

11.1036 

1.1708 

1 

79  Au 

AnM  n 

10.5892 

1.11686 

2 

32  Ge 

m 

AAn.ni 

11.1008 

1.17167 

5 

76  Os 

Afts 

AiiiYiv 

10.5816 

1.11693 

9 

73  Ta 

AnOin 

11.1001 

1.17218 

5 

75  Re 

Afto 

AiMiv 

10.5770 

1.11789 

9 

73  Ta 

AnOn 

11.0907 

1.1729 

1 

73  Ta 

Ays 

AnYi 

10.5702 

1.1195 

1 

32  Ge 

A'ft 

AAfiv.v 

11.0745 

1.17501 

2 

82  Pb 

Loci 

Am3Av 

10.5515 

1.11990 

2 

78  Pt 

Aft 

AnMrv 

11.0707 

1.17588 

1 

33  As 

Koci 

YAiii 

10.54372 

1 . 1205 

1 

73  Ta 

Ay  8 

AnOi 

11.0646 

1.17721 

5 

75  Re 

Aft 

AmOrv.v 

10.5318 

1.12146 

9 

72  Hf 

Ayn 

AiAy 

11.0553 

1.1773 

1 

75  Re 

Am 

Abs.  Edge 

10.5306 

1.1218 

3 

74  W 

AnAn 

11.052 

1.17788 

9 

72  Hf 

AnYv 

10.5258 

1 . 12250 

9 

72  Hf 

AiAIV 

11.0451 

1.17796 

3 

77  Ir 

Aft 

AmYi 

10.5251 

1.1226 

2 

78  Pt 

AniAni 

11.044 

1.17900 

5 

72  Hf 

Ayi 

AnYiv 

10.5158 

1 . 12548 

5 

84  Po 

Lcc-i 

AniAfiv 

11.0158 

1.17953 

4 

71  Lu 

Ay3 

AiYm 

10.5110 

1.12637 

6 

76  Os 

Aft 

L\M\ 

11.0071 

1.17955 

7 

76  Os 

Aft 

LiMiu 

10.5108 

1.12769 

3 

81  T1 

At? 

LnMi 

10.9943 

1.17958 

3 

77  Ir 

Aft 

LiMn 

10.5106 

1.12798 

5 

79  Au 

A/?17 

L\\Mm 

10.9915 

1.17987 

1 

33  As 

Aa2 

KLU 

10.50799 

1 . 12894 

2 

32  Ge 

Aft 

KMin 

10.9821 

1.1815 

1 

75  Re 

Lu 

AinYvi.vn 

10.4931 

1.12936 

9 

32  Ge 

Aft 

KMU 

10.9780 

1.1818 

1 

70  Yb 

Li 

Abs.  Edge 

10.4904 

1.1310 

2 

78  Pt 

AiiiAn 

10.962 

1.1827 

1 

70  Yb 

AiOiv.v 

10.4833 

1 . 13235 

3 

74  W 

Ays 

A„Ai 

10.9490 

1.1853 

1 

70  Yb 

Ay4 

AiOii.m 

10.4603 

1 . 13353 

5 

76  Os 

Afto 

AiM  rv 

10.9376 

1 . 1853 

2 

71  Lu 

Ay2 

AiY„ 

10.460 

1.13525 

5 

79  Au 

AiMi 

10.9210 

1.18610 

5 

75  Re 

Aft 

AmOi 

10.4529 

1.13532 

3 

77  Ir 

Aft 

AinAv 

10.9203 

1 . 18648 

5 

82  Pb 

Loti 

AniLfiv 

10.4495 

32 
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Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

1.1886 

1 

70  Yb 

L\Oi 

10.4312 

1.254054 

9 

32  Ge 

Ka\ 

KLni 

9.88642 

1.18977 

7 

76  Os 

LuMv 

10.4205 

1.2553 

1 

73  Ta 

Lni 

Abs.  Edge 

9.8766 

1.1958 

1 

31  Ga 

K 

Abs.  Edge 

10.3682 

1.2555 

1 

73  Ta 

Lpz 

LmOrv.v 

9.8750 

1.19600 

2 

31  Ga 

m 

KNn.iu 

10.3663 

1.25778 

4 

73  Ta 

Lu 

LiiiYvi.vii 

9.8572 

1.19727 

7 

76  Os 

L/3i 

LuMuf 

10.3553 

1.258011 

9 

32  Ge 

Ka2 

KLu 

9.85532 

1 . 1981 

2 

31  Ga 

Kpz 

KMyy.V 

10.348 

1.25917 

5 

75  Re 

Lpt 

LiMn 

9.8463 

1.1985 

1 

71  Lu 

Lu 

Abs.  Edge 

10.3448 

1.2596 

1 

71  Lu 

Lyz 

LnNi 

9.8428 

1.1987 

1 

71  Lu 

Lyz 

LiiOiv 

10.3431 

1.2601 

3 

73  Ta 

LmOn.iu 

9.839 

1.20086 

7 

76  Os 

LiiiAii 

10.3244 

1.26269 

5 

74  W 

Lpz 

LiMui 

9.8188 

1.2014 

1 

71  Lu 

Lu  On,  hi 

10.3198 

1.26385 

5 

73  Ta 

LPz 

LmOi 

9.8098 

1.20273 

3 

79  Au 

Lr) 

LnM! 

10.3083 

1.2672 

2 

74  W 

LiiiNui 

9.784 

1.2047 

1 

71  Lu 

Lyz 

LuOi 

10.2915 

1.26769 

5 

70  Yb 

Ly  i 

LuNiy 

9.7801 

1.20479 

7 

74  W 

Lp  9 

LiMy 

10.2907 

1.2678 

2 

69  Tm 

Lyz 

LiNni 

9.779 

1.20660 

4 

75  Re 

Lp2 

LuiN\ 

10.2752 

1.2706 

1 

68  Er 

Li 

Abs.  Edge 

9.7574 

1.2069 

2 

77  Ir 

LPn 

LnM in 

10.273 

1.2728 

2 

74  W 

Z-iiMv 

9.741 

1.20739 

4 

81  T1 

Lai 

LiuMy 

10.2685 

1.2742 

2 

69  Tm 

Ly  2 

LiNu 

9.730 

1.20789 

2 

31  Ga 

Kpi 

KM  ui 

10.2642 

1.2748 

1 

83  Bi 

Lt 

LniMu 

9.7252 

1.20819 

5 

75  Re 

LPn 

LuiNiv 

10.2617 

1.2752 

2 

68  Er 

Ly\ 

LiOu.in 

9.722 

1.20835 

5 

31  Ga 

Kpz 

KMu 

10.2603 

1.27640 

3 

79  Au 

La\ 

LniMy 

9.7133 

1.2102 

2 

77  Ir 

LiMi 

10.245 

1.2765 

2 

74  W 

LiiiNu 

9.712 

1.2105 

1 

83  Bi 

Ls 

LiiiMui 

10.2421 

1.27807 

5 

81  T1 

Ls 

LiiiMni 

9.7007 

1.21218 

3 

74  W 

LPio 

LiMrv 

10.2279 

1.281809 

9 

74  W 

Lpi 

LnM  iy 

9.67235 

1.213 

1 

78  Pt 

LuMu 

10.225 

1.2829 

5 

84  Po 

LI 

LuiMi 

9.664 

1.21349 

5 

76  Os 

Lpz 

LuiNi 

10.2169 

1.2834 

1 

30  Zn 

K 

Abs.  Edge 

9.6607 

1.21537 

5 

72  Hf 

Ly  5 

LnNi 

10.2011 

1.28372 

2 

30  Zn 

Kp2 

KNu.m 

9.6580 

1.21545 

3 

74  W 

Lpz 

LmOivy 

10.2004 

1.28448 

3 

77  Ir 

Lrj 

LnMi 

9.6522 

1.2155 

1 

74  W 

Lju 

Abs.  Edge 

10.1999 

1.28454 

2 

73  Ta 

Lp2 

Li  ii  Ay 

9.6518 

1.21844 

5 

76  Os 

Lp 4 

LiMu 

10.1754 

1.2848 

1 

30  Zn 

Kpz 

KMjyty 

9.6501 

1.21868 

5 

74  W 

Lu 

Liii-Yvi.vii 

10.1733 

1.28619 

5 

73  Ta 

LPiz 

LniNrv 

9.6394 

1.21875 

3 

81  T1 

La2 

ZmMiv 

10.1728 

1.28772 

3 

79  Au 

La2 

LmMiy 

9.6280 

1.22031 

5 

75  Re 

LPz 

LiMui 

10.1598 

1.2892 

1 

69  Tm 

Lu 

Abs.  Edge 

9.6171 

1.2211 

2 

74  W 

LmOn.ui 

10.153 

1.28989 

7 

74  W 

LPz 

LuiNi 

9.6117 

1.22228 

4 

71  Lu 

Lyi 

LnN  iv 

10.1434 

1.29025 

9 

72  Hf 

Lp, 

LiMy 

9.6090 

1.22232 

5 

70  Yb 

Lyz 

LiYni 

10.1431 

1.2905 

2 

69  Tm 

Lyz 

LuOvt 

9.607 

1.22400 

4 

74  W 

Lpi 

LmOi 

10.1292 

1.2927 

1 

75  Re 

LPn 

LiiMui 

9.5910 

1.2250 

1 

69  Tm 

Li 

Abs.  Edge 

10.1206 

1.2934 

2 

76  Os 

LnMn 

9.586 

1.2263 

3 

69  Tm 

LiOxvy 

10.110 

1.29525 

2 

30  Zn 

Kpi,z 

KMu.ui 

9.5720 

1.2283 

1 

75  Re 

LuiNiu 

10.0933 

1.2972 

1 

72  Hf 

Lui 

Abs.  Edge 

9.5577 

1.22879 

7 

70  Yb 

Ly2 

LiNu 

10.0897 

1.29761 

5 

72  Hf 

Lpz 

LmOiv.v 

9.5546 

1.2294 

2 

69  Tm 

Ly  4 

LiOumi 

10.084 

1.29819 

9 

72  Hf 

Lp  jo 

L\M\y 

9.5503 

1.2305 

1 

75  Re 

LuM\ 

10.0753 

1.30162 

5 

74  W 

Lpi 

LiMn 

9.5252 

1.23858 

2 

75  Re 

Lpi 

LuMiv 

10.0100 

1.30165 

9 

72  Hf 

Lu 

LniNyiyu 

9.5249 

1.24120 

5 

80  Hg 

Lai 

LuiMy 

. 9.9888 

1.30564 

5 

72  Hf 

LPz 

L\nOi 

9.4958 

1.24271 

3 

70  Yb 

Lyz 

LnOiv 

9.9766 

1.3063 

1 

70  Yb 

Lyz 

LuNi 

9.4910 

1.2428 

1 

70  Yb 

Lu 

Abs.  Edge 

9.9761 

1.30678 

3 

73  Ta 

Lpz 

LiMui 

9.4875 

1.2429 

2 

78  Pt 

L-t) 

LnMi 

9.975 

1.30767 

7 

82  Pb 

Lt 

LniMu 

9.4811 

1.24385 

7 

82  Pb 

Ls 

LiiiMui 

9.9675 

1.3086 

1 

73  Ta 

LiiiNui 

9.4742 

1.24460 

3 

74  W 

Lp2 

LiuNv 

9.9615 

1.3112 

2 

80  Hg 

Ls 

LiiiMm 

9.455 

1.2453 

1 

70  Yb 

LiiOu.ui 

9.9561 

1.31304 

3 

78  Pt 

Lai 

LniMy 

9.4423 

1.24631 

3 

74  W 

LPn 

LiuNiv 

9.9478 

1.3146 

1 

68  Er 

Lyz 

LiNni 

9.4309 

1.2466 

2 

73  Ta 

LPz 

LiMy 

9.946 

1.3153 

2 

69  Tm 

Lyi 

LnN  iy 

9.426 

1.2480 

2 

76  Os 

LPn 

LnM  ui 

9.934 

1.31610 

7 

83  Bi 

LI 

LmMi 

9.4204 

1.24923 

5 

70  Yb 

Lyz 

LnOi 

9.9246 

1.3167 

1 

73  Ta 

LiuNn 

9.4158 

1.2502 

3 

77  Ir 

LnMn 

9.917 

1.31897 

9 

73  Ta 

LnMy 

9.3998 

1.25100 

5 

75  Re 

LPz 

LuiNi 

9.9105 

1.3190 

1 

67  Ho 

Li 

Abs.  Edge 

9.3994 

1.25264 

7 

80  Hg 

La2 

LmMiy 

9.8976 

1.3208 

3 

67  Ho 

LiOiyy 

9.387 

1.2537 

2 

73  Ta 

LPio 

LiMy 

9.889 

1.3210 

2 

68  Er 

Ly2 

LiNu 

9.385 

33 


Table  VI  ( Continued ) 


Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

1.3225 

2 

67  Ho 

Lji 

AiOii.iii 

9.374 

1.3948 

1 

70  Yb 

Aft 

AmOi 

8.8889 

1.32432 

2 

78  Pt 

La.-i 

AinAfiv 

9.3618 

1.3983 

2 

67  Ho 

Ly, 

A11O1 

8.867 

1.32639 

5 

72  Hf 

Lp, 

AiiiYv 

9.3473 

1.40140 

5 

71  Lu 

Lp 3 

LiMin 

8.8469 

1.32698 

3 

73  Ta 

Lp  i 

LllMjy 

9.3431 

1.40234 

5 

76  Os 

La 2 

AniLfrv 

8.8410 

1.32783 

5 

72  Hf 

Afto 

Z-iiiYiv 

9.3371 

1.4067 

3 

68  Er 

Ly, 

AnAi 

8.814 

1.32785 

7 

76  0s 

Lt] 

LnMi 

9.3370 

1.41366 

7 

79  Au 

Lt 

AmLAii 

8.7702 

1.33094 

8 

73  Ta 

Lp, 

LmNi 

9.3153 

1.41550 

5 

70  Yb 

Aft, 15 

AinYrv.v 

8.7588 

1.3358 

1 

71  Lu 

Lp, 

LiMy 

9.2816 

1.41640 

7 

66  Dy 

Ly 3 

AiYm 

8.7532 

1.3365 

3 

74  W 

LiM j 

9.277 

1.4174 

2 

67  Ho 

Lyi 

AiiYrv 

8.747 

1.3366 

1 

75  Re 

LnMu 

9.2761 

1.4189 

1 

71  Lu 

Lp 6 

AinAx 

8.7376 

1.3386 

1 

68  Er 

Lu 

Abs.  Edge 

9.2622 

1.42110 

3 

74  W 

At? 

AiiAfx 

8.7243 

1.3387 

2 

74  W 

Lp  17 

AiiAfin 

9.261 

1.4216 

1 

80  Hg 

LI 

AinL/i 

8.7210 

1.3397 

3 

68  Er 

7-76 

AiiOiv 

9.255 

1.4223 

1 

65  Tb 

Li 

Abs.  Edge 

8.7167 

1.340083 

9 

31  Ga 

-Am 

A Am 

9.25174 

1.42278 

7 

66  Dy 

Ly 2 

AiYn 

8.7140 

1.3405 

1 

71  Lu 

Am 

Abs.  Edge 

9.2490 

1.4228 

3 

65  Tb 

AiOrv.v 

8.714 

1.34154 

5 

81  T1 

Zi 

AiiiMn 

9.2417 

1.42359 

3 

71  Lu 

Lpi 

AnLArv 

8.7090 

1.34183 

7 

71  Lu 

Lp, 

T-hiOiv.v 

9.2397 

1.4276 

2 

65  Tb 

A74 

AiOn.m 

8.685 

1.3430 

2 

71  Lu 

LPio 

AiAfjv 

9.232 

1.43025 

9 

72  Hf 

LiMx 

8.6685 

1.34399 

1 

31  Ga 

Ka, 

A An 

9.22482 

1.43048 

9 

73  Ta 

LnMu 

8.6671 

1.34524 

9 

71  Lu 

AniOn, hi 

9.2163 

1.4318 

2 

77  Ir 

Ls 

LniMin 

8.659 

1.34581 

3 

73  Ta 

LP 4 

L\M\\ 

9.2124 

1.43290 

4 

75  Re 

La\ 

LuiMy 

8.6525 

1.34949 

5 

71  Lu 

Lp 7 

LmOi 

9.1873 

1.4334 

1 

69  Tm 

Am 

Abs.  Edge 

8.6496 

1.34990 

7 

82  Pb 

LI 

LmMi 

9.1845 

1.4336 

3 

69  Tm 

Lp, 

ZxMy 

8.648 

1.35053 

9 

72  Hf 

AmYin 

9.1802 

1.4349 

2 

69  Tm 

Lp 5 

AmOrv.v 

8.641 

1.35128 

3 

77  Ir 

Lai 

Aiii-My 

9.1751 

1.435155 

7 

30  Zn 

Kai 

A 7m 

8.63886 

1.35131 

7 

79  Au 

Ls 

AiiiMhi 

9.1749 

1.43643 

9 

72  Hf 

LPn 

AiiLfm 

8.6312 

1.35300 

5 

72  Hf 

Lp 3 

LiMin 

9.1634 

1.439000 

8 

30  Zn 

Koi2 

AZ„ 

8.61578 

1.3558 

2 

69  Tm 

Ly, 

LnNx 

9.144 

1.44056 

5 

71  Lu 

Lpi 

AxMn 

8.6064 

1.35887 

9 

72  Hf 

LuiNu 

9.1239 

1.4410 

3 

69  Tm 

Afto 

AiL/rv 

8.604 

1.36250 

5 

77  Ir 

La 2 

L\\\M  rv 

9.0995 

1.44396 

5 

75  Re 

La 2 

AinLfrv 

8.5862 

1.3641 

2 

68  Er 

7-71 

AiiYjv 

9.089 

1.4445 

1 

66  Dy 

An 

Abs.  Edge 

8.5830 

1.3643 

2 

67  Ho 

7-73 

AxAni 

9.087 

1.44579 

7 

66  Dy 

Ly 6 

AnOrv 

8.5753 

1.3692 

1 

66  Dy 

Ax 

Abs.  Edge 

9.0548 

1.45233 

5 

70  Yb 

Lp, 

AiAfni 

8.5367 

1.3698 

2 

67  Ho 

7-72 

LiNn 

9.051 

1.4530 

2 

78  Pt 

Lt 

AmMn 

8.533 

1.37012 

3 

71  Lu 

Aft 

AinYv 

9.0489 

1.45964 

9 

79  Au 

LI 

AiiiL/i 

8.4939 

1.3715 

1 

71  Lu 

Lpi, 

AmiYiv 

9.0395 

1.4618 

2 

67  Ho 

Ly, 

AnAi 

8.481 

1.37342 

5 

75  Re 

Li) 

AnMi 

9.0272 

1.4640 

2 

69  Tm 

Aft.is  AinArv.v 

8.468 

1.37410 

5 

72  Hf 

Aft 

AnLfrv 

9.0227 

1.4661 

1 

70  Yb 

Lp 6 

AinA'i 

8.4563 

1.37410 

5 

72  Hf 

Lp, 

AmiVi 

9.0227 

1.47106 

5 

73  Ta 

At? 

AnLAi 

8.4280 

1.37459 

7 

66  Dy 

A74 

AiOii.iii 

9.0195 

1.4718 

2 

65  Tb 

Ly, 

LiNui 

8.423 

1.3746 

2 

80  Hg 

Z< 

LmMu 

9.019 

1.47266 

7 

66  Dy 

Lyi 

LiiNrv 

8.4188 

1.38059 

5 

29  Cu 

A 

Abs.  Edge 

8.9803 

1.4735 

2 

76  Os 

Ls 

LiuMjii 

8.414 

1.38109 

3 

29  Cu 

Aft 

AMiv.v 

8.9770 

1.47565 

5 

70  Yb 

Aft 

AnMjv 

8.4018 

1.3838 

1 

70  Yb 

Lp, 

L\My 

8.9597 

1.4764 

2 

65  Tb 

Ly 2 

AiYn 

8.398 

1.38477 

3 

81  T1 

LI 

AniLTi 

8.9532 

1.47639 

2 

74  W 

Lai 

AiiiMv 

8.3976 

1.3862 

1 

70  Yb 

Am 

Abs.  Edge 

8.9441 

1.4784 

1 

64  Gd 

Li 

Abs.  Edge 

8.3864 

1.3864 

1 

73  Ta 

Aft  7 

AnMni 

8.9428 

1.48064 

9 

72  Hf 

LnMu 

8.3735 

1.38696 

7 

70  Yb 

Aft 

AnxOrv.v 

8.9390 

1.4807 

3 

64  Gd 

AiOrv.v 

8.373 

1.3895 

2 

78  Pt 

75 

AinMin 

8.923 

1.4835 

1 

68  Er 

Am 

Abs.  Edge 

8.3575 

1.3898 

1 

70  Yb 

AmOn.in 

8.9209 

1.4839 

2 

64  Gd 

Lyi 

AiOii.iii 

8.355 

1.3905 

1 

67  Ho 

An 

Abs.  Edge 

8.9164 

1.4848 

3 

68  Er 

Aft 

AmOiv.v 

8.350 

1.39121 

5 

76  Os 

Lai 

AlIlMy 

8.9117 

1.4855 

5 

68  Er 

Lp, 

ZiA/y 

8.346 

1.3915 

1 

70  Yb 

Afto 

L\Mi\ 

8.9100 

1.48743 

2 

74  W 

La 2 

AmAfrv 

8.3352 

1.39220 

5 

72  Hf 

Aft 

LiMn 

8.9054 

1.48807 

1 

28  Ni 

A 

Abs.  Edge 

8.33165 

1.392218 

9 

29  Cu 

Aft. 

AL7n.ni 

8.90529 

1.48862 

4 

28  Ni 

Aft 

AL/iv.v 

8.3286 

1.3923 

2 

67  Ho 

Ly, 

AnOrv 

8.905 

1.49138 

3 

70  Yb 

Lpi 

LiMu 

8.3132 

1.3926 

1 

29  Cu 

Aft 

KMu 

8.9029 

1.4930 

3 

77  Ir 

Lt 

LmMu 

8.304 
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Wavelength 

A* 

p.e 

Element 

Designation 

keV 

Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

1.4941 

3 

68  Er 

Lp  7 

ZmOi 

8.298 

1.60891 

3 

27  Co 

Kps 

KMiwy 

7.7059 

1.4941 

3 

68  Er 

Z/3  io 

ZiAfiv 

8.298 

1.61264 

9 

73  Ta 

Ls 

LxnMni 

7.6881 

1.4995 

2 

78  Pt 

if 

ZmMi 

8.268 

1.61951 

3 

71  Lu 

Lai 

LnxMv 

7.6555 

1.500135 

8 

28  Ni 

A01.3 

TCMii.in 

8.26466 

1.6203 

2 

67  Ho 

Lpz 

L\M\n 

7.6519 

1.5023 

1 

65  Tb 

Ln 

Abs.  Edge 

8.2527 

1.62079 

2 

27  Co 

KPi,z 

KMiX'in 

7.64943 

1.5035 

2 

65  Tb 

Lys 

ZnOiv 

8.246 

1.6237 

2 

67  Ho 

Lps 

LmNx 

7.6359 

1.5063 

2 

69  Tm 

Lf3z 

ZiMin 

8.231 

1.62369 

7 

66  Dy 

Lfiz 'if, 

ZmAiv.v 

7.6357 

1.5097 

2 

65  Tb 

Ly  s 

ZnOi 

8.212 

1.6244 

3 

74  W 

Lt 

ZiiiMn 

7.6324 

1.51399 

9 

68  Er 

Z/3  2,16 

ZinAiv.v 

8.1890 

1.6271 

1 

63  Eu 

Ln 

Abs.  Edge 

7.6199 

1.5162 

2 

69  Tm 

Z/3  6 

Zmtfr 

8.177 

1.6282 

2 

63  Eu 

Lye, 

ZnOiv 

7.6147 

1.5178 

1 

75  Re 

Z* 

ZiiiMm 

8.1682 

1.63029 

5 

71  Lu 

Laz 

ZmMiv 

7.6049 

1.51824 

7 

66  Dy 

Lys 

ZnWj 

8.1661 

1.63056 

5 

75  Re 

LI 

LmMi 

7.6036 

1.52197 

2 

73  Ta 

Lai 

Ziii-My 

8.1461 

1.6346 

2 

63  Eu 

Lys 

ZnOi 

7.5849 

1.52325 

5 

72  Hf 

Lv 

LnMi 

8.1393 

1.63560 

5 

70  Yb 

Lv 

LnMx 

7.5802 

1.5297 

2 

64  Gd 

Lyt 

LiNm 

8.105 

1.6412 

2 

64  Gd 

Lys 

ZiiAi 

7.5543 

1.5303 

2 

65  Tb 

Ly  i 

LnNrv 

8.102 

1.6475 

2 

67  Ho 

Z/3, 

ZiiMiv 

7.5253 

1.5304 

2 

69  Tm 

Z/3, 

LnMi\ 

8.101 

1.6497 

1 

65  Tb 

Lm 

Abs.  Edge 

7.5153 

1.53293 

2 

73  Ta 

Lai 

LuiMiv 

8.0879 

1.6510 

2 

65  Tb 

LPs 

ZmOrv.v 

7.5094 

1.5331 

2 

64  Gd 

Ly  2 

LiNn 

8.087 

1.65601 

3 

62  Sm 

Ly  z 

ZiAm 

7.487 

1.53333 

9 

71  Lu 

LnMn 

8.0858 

1.6574 

2 

63  Eu 

Lyi 

ZnAiv 

7.4803 

1.5347 

2 

76  Os 

Z/ 

LuiMn 

8.079 

1.657910 

8 

28  Ni 

Kai 

KLxn 

7.47815 

1.5368 

1 

67  Ho 

Zin 

Abs.  Edge 

8.0676 

1.6585 

2 

65  Tb 

Lfiz 

ZmOi 

7.4753 

1.5378 

2 

67  Ho 

Zfo 

ZmOiv.v 

8.062 

1.6595 

2 

67  Ho 

Lp  4 

LiMn 

7.4708 

1.5381 

1 

63  Eu 

Zi 

Abs.  Edge 

8.0607 

1.66044 

6 

62  Sm 

Lyi 

LiNn 

7.467 

1.540562 

2 

29  Cu 

Kai 

KLui 

8.04778 

1.661747 

8 

28  Ni 

Kai 

KLU 

7.46089 

1.54094 

3 

77  Ir 

LI 

LniMi 

8.0458 

1.66346 

9 

72  Hf 

Ls 

LxnMni 

7.4532 

1.5439 

1 

63  Eu 

Ly  4 

LiOn.m 

8.0304 

1.6673 

3 

65  Tb 

Lpio 

L\Mi\ 

7.436 

1.544390 

9 

29  Cu 

Kai 

KLn 

8.02783 

1.6674 

5 

61  Pm 

Zi 

Abs.  Edge 

7.436 

1.5448 

2 

69  Tm 

Lp  4 

LiMn 

8.026 

1.67189 

4 

70  Yb 

Lai 

LxnMy 

7.4156 

1.5486 

3 

67  Ho 

LPio 

ZiilZrv 

8.006 

1.67265 

9 

73  Ta 

Lt 

LnxMn 

7.4123 

1.5616 

1 

68  Er 

LPz 

LjMin 

7.9392 

1.6782 

1 

74  W 

LI 

LmMi 

7.3878 

1.5632 

1 

64  Gd 

Ln 

Abs.  Edge 

7.9310 

1.68213 

7 

66  Dy 

LPs 

Zm  A i 

7.3705 

1.5642 

3 

74  W 

Ls 

ZmAfiii 

7.926 

1.6822 

2 

66  Dy 

Lpz 

LxMni 

7.3702 

1.5644 

2 

64  Gd 

Ly  6 

ZnOrv 

7.925 

1.68285 

5 

70  Yb 

Laz 

L\\\M  iv 

7.3673 

1.5671 

2 

67  Ho 

Z/3  2,15 

ZiiiAiv.v 

7.911 

1.6830 

2 

65  Tb 

Lpi'is 

ZmAiv.v 

7.3667 

1.5675 

2 

68  Er 

Z/3  6 

Zm  A ! 

7.909 

1.6953 

1 

62  Sm 

Ln 

Abs.  Edge 

7.3132 

1.56958 

5 

72  Hf 

Lai 

ZinAfv 

7.8990 

1.6963 

2 

69  Tm 

Lv 

LnMx 

7.3088 

1.5707 

2 

64  Gd 

Lys 

ZnOi 

7.894 

1.6966 

9 

62  Sm 

Lys 

ZnOrv 

7.308 

1.5779 

1 

71  Lu 

Lv 

ZnAfi 

7.8575 

1.7085 

2 

63  Eu 

Lys 

ZnAi 

7.2566 

1.5787 

2 

65  Tb 

Ly  5 

Z„AX 

7.8535 

1.71062 

7 

66  Dy 

Lpi 

Zii-Mrv 

7.2477 

1.5789 

1 

75  Re 

Z/ 

ZmMii 

7.8525 

1.7117 

1 

64  Gd 

Zm 

Abs.  Edge 

7.2430 

1.58046 

5 

72  Hf 

Lai 

LuiMiv 

7.8446 

1.7130 

2 

64  Gd 

Lps 

ZmOiv.v 

7.2374 

1.58498 

7 

76  Os 

LI 

LniMi 

7.8222 

1.7203 

2 

64  Gd 

Lpf 

ZmOi 

7.2071 

1.5873 

1 

68  Er 

Z/3, 

LuMiv 

7.8109 

1.72103 

7 

66  Dy 

Lpi 

LiMn 

7.2039 

1.58837 

7 

66  Dy 

Z/3  5 

ZmOiv.v 

7.8055 

1.72305 

9 

72  Hf 

Lt 

LniMn 

7.1954 

1.58844 

9 

70  Yb 

ZiiAfu 

7.8052 

1 . 7240 

3 

64  Gd 

LPs 

LxMv 

7.192 

1.5903 

2 

63  Eu 

Lyz 

Zi  A m 

7.7961 

1.72724 

3 

62  Sm 

Lyi 

ZnArv 

7.178 

1.5916 

1 

66  Dy 

Zm 

Abs.  Edge 

7.7897 

1.7268 

2 

69  Tm 

Lai 

LxuMy 

7.1799 

1.5924 

2 

64  Gd 

Lyi 

ZnAiv 

7.7858 

1.72841 

5 

73  Ta 

LI 

LniM  i 

7.1731 

1.5961 

2 

63  Eu 

Lyi 

ZiA„ 

7.7677 

1.7315 

3 

64  Gd 

Lp  io 

LxMxv 

7.160 

1.59973 

9 

66  Dy 

Z/3  9 

ZiMy 

7.7501 

1.7381 

2 

69  Tm 

Laz 

LnxMiw 

7.1331 

1.6002 

1 

62  Sm 

Zi 

Abs.  Edge 

7.7478 

1.7390 

1 

60  Nd 

Lx 

Abs.  Edge 

7.1294 

1.6007 

1 

68  Er 

Z/34 

ZiM„ 

7.7453 

1.7422 

2 

65  Tb 

LPs 

ZmAi 

7.1163 

1.60447 

7 

66  Dy 

Lp-i 

ZmOi 

7.7272 

1 . 74346 

1 

26  Fe 

K 

Abs.  Edge 

7.11120 

1.60728 

3 

62  Sm 

Lyi 

ZiOn.iii 

7.714 

1.7442 

1 

26  Fe 

KPs 

KMx\,\ 

7.1081 

1.60743 

9 

66  Dy 

Z/Sio 

ZiMiv 

7.7130 

1.7445 

4 

60  Nd 

Lyi 

ZiOii.m 

7.107 

1.60815 

1 

27  Co 

K 

Abs.  Edge 

7.70954 

1.7455 

2 

64  Gd 

LPi'is 

ZmAiv.v 

7.1028 

35 


Table  VI  ( Continued ) 


Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

1.7472 

2 

65  Tb 

Lpi 

LiMni 

7.0959 

1.9255 

2 

63  Eu 

LPi 

LiMn 

6.4389 

1.75661 

2 

26  Fe 

KPi,z 

KMn.ui 

7.05798 

1.9255 

5 

59  Pr 

Ln 

Abs.  Edge 

6.439 

1.7566 

1 

68  Er 

Lr) 

LuMi 

7.0579 

1.9355 

4 

60  Nd 

Lyb 

LnNi 

6.406 

1.7676 

5 

61  Pm 

Ln 

Abs.  Edge 

7.014 

1.936042 

9 

26  Fe 

Kai 

KLni 

6.40384 

1.7760 

1 

71  Lu 

Lt 

LuiMn 

6.9810 

1.9362 

4 

59  Pr 

Lyb 

LnOi 

6.403 

1.7761 

1 

63  Eu 

Ln\ 

Abs.  Edge 

6.9806 

1.939980 

9 

26  Fe 

Kai 

KLu 

6.39084 

1.7768 

3 

65  Tb 

Lpi 

LiiMiv 

6.978 

1.94643 

3 

62  Sm 

Lpi 

LmNi 

6.3693 

1.7772 

2 

63  Eu 

Lfih 

LmOrv.v 

6.9763 

1.9550 

2 

69  Tm 

LI 

LniMi 

6.3419 

1.77934 

3 

62  Sm 

Lyb 

LnNi 

6.968 

1.9553 

3 

58  Ce 

Ly3 

LiNm 

6.3409 

1.78145 

5 

72  Hf 

LI 

LniMi 

6.9596 

1.9559 

6 

61  Pm 

LPi'H 

Liii-/Vjv,v 

6.339 

1.78425 

9 

68  Er 

Lai 

LniMy 

6.9487 

1.9602 

3 

58  Ce 

Ly2 

LiNn 

6.3250 

1.7851 

2 

63  Eu 

LP  7 

LmOi 

6.9453 

1.9611 

3 

59  Pr 

Lyi 

LuKyy 

6.3221 

1.7864 

2 

65  Tb 

Lp  4 

LiMn 

6.9403 

1.96241 

3 

62  Sm 

LPz 

LiMni 

6.318 

1.788965 

9 

27  Co 

Kai 

KLui 

6.93032 

1.9730 

2 

65  Tb 

Lr) 

LuMi 

6.2839 

1.7916 

3 

63  Eu 

Lp9 

LiMy 

6.920 

1.9765 

2 

65  Tb 

Lai 

LniMy 

6.2728 

1.792850 

9 

27  Co 

Kai 

KLu 

6.91530 

1.9780 

5 

57  La 

Li 

Abs.  Edge 

6.268 

1.7955 

2 

68  Er 

Lai 

LuiMiv 

6.9050 

1.9830 

4 

57  La 

Lyi 

LiOii.m 

6.252 

1.7964 

4 

60  Nd 

Lyz 

LiNm 

6.902 

1.9875 

2 

65  Tb 

Lai 

LuiMiy 

6.2380 

1 . 7989 

9 

61  Pm 

Lyi 

LnNiv 

6.892 

1.9967 

1 

60  Nd 

Lui 

Abs.  Edge 

6.2092 

1.7993 

3 

63  Eu 

L/3  io 

LiMiy 

6.890 

1.99806 

3 

62  Sm 

Lpi 

LuMiy 

6.2051 

1.8013 

4 

60  Nd 

Lyi 

LiNu 

6.883 

2.00095 

6 

62  Sm 

Lpi 

LiMn 

6.196 

1.8054 

2 

64  Gd 

Lfc 

LmNi 

6.8671 

2.0092 

3 

60  Nd 

LPi 

LmOi 

6.1708 

1.8118 

2 

63  Eu 

L($  2,15 

LmYiv.v 

6.8432 

2.0124 

5 

58  Ce 

Ln 

Abs.  Edge 

6.161 

1.8141 

5 

59  Pr 

Li 

Abs.  Edge 

6.834 

2.015 

1 

68  Er 

LI 

LniMi 

6.152 

1.8150 

2 

64  Gd 

Lp  3 

LiMni 

6.8311 

2.0165 

3 

60  Nd 

LPi 

LiMy 

6.1484 

1.8193 

4 

59  Pr 

Ly\ 

LiOn.ni 

6.815 

2.0205 

4 

59  Pr 

Ly  5 

LnNi 

6.136 

1.8264 

2 

67  Ho 

Lr\ 

LnMi 

6.7883 

2.0237 

4 

58  Ce 

Lyi 

LnOi 

6.126 

1.83091 

9 

70  Yb 

Lt 

LniMn 

6.7715 

2.0237 

3 

60  Nd 

LPio 

LiMiy 

6.1265 

1.8360 

1 

71  Lu 

LI 

LniMi 

6.7528 

2.0360 

3 

60  Nd 

Lpi,\b 

LniNrv.y 

6.0894 

1.8440 

1 

60  Nd 

Lu 

Abs.  Edge 

6.7234 

2.0410 

4 

57  La 

Ly  3 

LiNm 

6.074 

1.8450 

2 

67  Ho 

Lai 

LuiMy 

6.7198 

2.0421 

4 

61  Pm 

LPz 

LiMni 

6.071 

1.8457 

1 

62  Sm 

Lin 

Abs.  Edge 

6.7172 

2.0460 

4 

57  La 

Lyi 

LiNn 

6.060 

1.8468 

2 

64  Gd 

Lpi 

LnMiv 

6.7132 

2.0468 

2 

64  Gd 

Lai 

LniMy 

6.0572 

1.84700 

9 

62  Sm 

Lpb 

LuiOrv.v 

6.7126 

2.0487 

4 

58  Ce 

Lyi 

LnNiy 

6.052 

1.8540 

2 

64  Gd 

Lpi 

LiMn 

6.6871 

2.0494 

1 

64  Gd 

Lv 

LuMi 

6.0495 

1.8552 

5 

60  Nd 

Lyb 

LnOi 

6.683 

2.0578 

2 

64  Gd 

Lai 

LmMiv 

6.0250 

1.8561 

2 

67  Ho 

Lai 

LuiMiv 

6.6795 

2.0678 

5 

56  Ba 

Li 

Abs.  Edge 

5.996 

1.85626 

3 

62  Sm 

LP  7 

LmOi 

6.679 

2.07020 

5 

24  Cr 

K 

Abs.  Edge 

5.9888 

1.86166 

3 

62  Sm 

LPi 

LiMy 

6.660 

2.07087 

6 

24  Cr 

Kpb 

KMyyy 

5.9869 

1.86990 

3 

62  Sm 

LPio 

LiMiy 

6.634 

2.0756 

3 

56  Ba 

Lyi 

LiOn.ui 

5.9733 

1.8737 

2 

63  Eu 

Lpe 

LmNi 

6.6170 

2.0791 

5 

59  Pr 

Lni 

Abs.  Edge 

5.963 

1.8740 

4 

59  Pr 

Lyb 

LiNm 

6.616 

2.0797 

4 

61  Pm 

LPi 

LuMiy 

5.961 

1.8779 

2 

60  Nd 

Lyi 

LuNiy 

6.6021 

2.08487 

2 

24  Cr 

KP\:  3 

KMn.ui 

5.94671 

1.8791 

4 

59  Pr 

Lyi 

LiNn 

6.598 

2.0860 

2 

67  Ho 

LI 

LniMi 

5.9434 

1.8821 

3 

62  Sm 

LPi.ib 

LiniViv.v 

6.586 

2.0919 

4 

59  Pr 

LPi 

LmOi 

5.927 

1.8867 

2 

63  Eu 

Lp3 

LiMni 

6.5713 

2.1004 

4 

59  Pr 

LPo 

LiMy 

5.903 

1.8934 

5 

58  Ce 

Li 

Abs.  Edge 

6.548 

2.101820 

9 

25  Mn 

Kai 

KLni 

5.89875 

1.89415 

5 

70  Yb 

LI 

LniMi 

6.5455 

2.1039 

3 

60  Nd 

Lpi 

LmNi 

5.8930 

1.89643 

5 

25  Mn 

K 

Abs.  Edge 

6.5376 

2.1053 

5 

57  La 

Ln 

Abs.  Edge 

5.889 

1.8971 

1 

25  Mn 

Kpb 

KM  jv.v 

6.5352 

2.10578 

2 

25  Mn 

Kai 

KLu 

5.88765 

1.89743 

7 

66  Dy 

Lt] 

LnMi 

6.5342 

2.1071 

4 

59  Pr 

LPio 

LiMiy 

5.884 

1.8991 

4 

58  Ce 

Lyi 

LiOumi 

6.528 

2.1103 

3 

58  Ce 

Lyb 

LnNi 

5.8751 

1.90881 

3 

66  Dy 

Lai 

LniMy 

6.4952 

2.1194 

4 

59  Pr 

LPi'H 

LuiNiy.y 

5.850 

1.91021 

2 

25  Mn 

KPi,3 

KMn.ui 

6.49045 

2.1209 

2 

63  Eu 

Lai 

LniMy 

5.8457 

1.9191 

1 

61  Pm 

Lin 

Abs.  Edge 

6.4605 

2.1268 

2 

60  Nd 

Lp3 

LiM  in 

5.8294 

1.91991 

3 

66  Dy 

Lai 

LuiMiv 

6.4577 

2.1315 

2 

63  Eu 

Lv 

LnMi 

5.8166 

1.9203 

2 

63  Eu 

LPi 

LnMiy 

6.4564 

2.1315 

2 

63  Eu 

Lai 

LlllMiy 

5.8166 

3G 


Table  VI  ( Continued ) 


Wavelength 

k*  p.e. 

Element 

Designation 

keV 

Wavelength 

k* 

p.e. 

Element 

Designation 

keV 

2.1342 

2 

56  Ba 

Lyz 

LiNiu 

5.8092 

2.3913 

2 

53  I 

Lyi 

LiOn.ui 

5.1848 

2.1387 

2 

56  Ba 

Lyi 

LiNu 

5.7969 

2.3948 

2 

63  Eu 

LI 

LmMi 

5.1772 

2.1418 

3 

57  La 

Ly  i 

LuNiv 

5.7885 

2.40435 

6 

56  Ba 

LPitu, 

LniNiv.v 

5.1565 

2.15877 

7 

66  Dy 

LI 

LuiMi 

5.7431 

2.4094 

4 

60  Nd 

Lr] 

LuMi 

5.1457 

2.1G6 

1 

58  Ce 

Lm 

Abs.  Edge 

5.723 

2.4105 

3 

57  La 

Lp3 

LiMui 

5.1434 

2.1669 

3 

60  Nd 

Lpi 

LiMu 

5.7216 

2.4174 

2 

55  Cs 

Lyz 

LuNi 

5.1287 

2.1669 

2 

60  Nd 

Lp  i 

LuMtv 

5.7216 

2.4292 

1 

54  Xe 

L\\ 

Abs.  Edge 

5.1037 

2.1673 

5 

55  Cs 

Li 

Abs.  Edge 

5.721 

2.442 

9 

90  Th 

MiOm 

5.08 

2.1701 

2 

58  Ce 

Lfi  7 

LiiiOi 

5.7132 

2.443 

4 

92  U 

MnOiv 

5.075 

2.1741 

2 

55  Cs 

Ly  4 

LiOimii 

5.7026 

2.4475 

2 

53  I 

Lyi, z 

LiNiimi 

5.0657 

2.1885 

3 

58  Ce 

L(3  9 

L\M\ 

5.6650 

2.4493 

3 

57  La 

Lpi 

LiMu 

5.0620 

2.1906 

4 

59  Pr 

Lfi  6 

LniNi 

5.660 

2.45891 

5 

57  La 

Lpi 

LnMiv 

5.0421 

2.1958 

5 

58  Ce 

LPio 

L\M\\ 

5.646 

2.4630 

2 

59  Pr 

Lai 

LniMv 

5.0337 

2.1998 

2 

62  Sm 

Lai 

LinMv 

5.6361 

2.4729 

3 

59  Pr 

Lai 

LiuM  iv 

5.0135 

2.2048 

1 

56  Ba 

Lu 

Abs.  Edge 

5.6233 

2.4740 

1 

55  Cs 

Lm 

Abs.  Edge 

5.0113 

2.2056 

4 

57  La 

Lyz 

LuNi 

5.621 

2.4783 

2 

55  Cs 

Lpo 

LiMy 

5.0026 

2.2087 

2 

58  Ce 

Lpi, IZ 

LmNivy 

5.6134 

2.4823 

4 

62  Sm 

LI 

LmMi 

4.9945 

2.21062 

3 

62  Sm 

Lai 

LmMiw 

5.6090 

2.4826 

2 

56  Ba 

Lp6 

LniNi 

4.9939 

2.2172 

3 

59  Pr 

Lp  3 

LiMui 

5.5918 

2.4849 

2 

55  Cs 

LPi 

LuiOi 

4.9893 

2.21824 

3 

62  Sm 

Lr) 

LuMi 

5.589 

2.4920 

2 

55  Cs 

LP\o 

LiMyw 

4.9752 

2.2328 

2 

55  Cs 

Lyz 

LiNui 

5.5527 

2.49734 

5 

22  Ti 

K 

Abs.  Edge 

4.96452 

2.2352 

2 

65  Tb 

LI 

LuiMi 

5.5467 

2.4985 

2 

22  Ti 

Kpz 

KMi\,\ 

4.9623 

2.2371 

2 

55  Cs 

Lyi 

LiNn 

5.5420 

2.50356 

2 

23  V 

Kai 

KLm 

4.95220 

2.2415 

2 

56  Ba 

Lyi 

LnNi\ 

5.5311 

2.50738 

2 

23  V 

Kai 

KLn 

4.94464 

2.253 

6 

92  U 

MiPm 

5.50 

2.5099 

1 

52  Te 

Lj 

Abs.  Edge 

4.9397 

2.2550 

4 

59  Pr 

Lpi 

LjMu 

5.4981 

2.5113 

2 

52  Te 

Lyi 

LiOu.m 

4.9369 

2.2588 

3 

59  Pr 

Lpi 

LnMiv 

5.4889 

2.5118 

2 

55  Cs 

LPi , 1 5 

LuiN  iv,v 

4.9359 

2.261 

1 

57  La 

Lm 

Abs.  Edge 

5.484 

2.512 

3 

59  Pr 

Lr] 

L\\Mi 

4.935 

2.2691 

1 

23  V 

K 

Abs.  Edge 

5.4639 

2.51391 

2 

22  Ti 

KPl,3 

KMu.in 

4.93181 

2.26951 

6 

23  V 

KPb 

KMxvy 

5.4629 

2.5164 

2 

56  Ba 

LPz 

LiMm 

4.9269 

2.2737 

1 

54  Xe 

Li 

Abs.  Edge 

5.4528 

2.527 

4 

91  Pa 

MnOiv 

4.906 

2.275 

3 

57  La 

Lpi 

LmOi 

5.450 

2.5542 

5 

53  I 

L\\ 

Abs.  Edge 

4.8540 

2.282 

3 

57  La 

Lpi 

LiMv 

5.434 

2.5553 

2 

56  Ba 

Lpi 

LiMu 

4.8519 

2.2818 

3 

58  Ce 

Lp$ 

LmNi 

5.4334 

2.5615 

2 

58  Ce 

Lai 

LniMv 

4.8402 

2.2822 

3 

61  Pm 

Lai 

LuiMy 

5.4325 

2.5674 

2 

52  Te 

Lyi, 3 

LiNnm 

4.8290 

2.28440 

2 

23  V 

KPi.z 

KMu.in 

5.42729 

2.56821 

5 

56  Ba 

Lpi 

LuMiw 

4.82753 

2.28970 

2 

24  Cr 

Kai 

KLm 

5.41472 

2.5706 

3 

58  Ce 

Lai 

LmMi\ 

4.8230 

2.290 

3 

57  La 

Lpio 

L\M\\ 

5.415 

2.58244 

8 

53  I 

Lyi 

LuNiv 

4.8009 

2.2926 

4 

61  Pm 

Lai 

LmMiv 

5.4078 

2.5926 

1 

54  Xe 

Lm 

Abs.  Edge 

4.7822 

2.293606 

3 

24  Cr 

Kai 

KLn 

5.405509 

2.5932 

2 

55  Cs 

Lpo 

LmNi 

4.7811 

2.3030 

3 

57  La 

LPi,\b 

LinAxv.v 

5.3835 

2.618 

5 

90  Th 

MnOiv 

4.735 

2.304 

7 

92  U 

MiOm 

5.38 

2.6203 

4 

58  Ce 

Lr] 

LuMi 

4.7315 

2.3085 

3 

56  Ba 

Lyz 

LuNi 

5.3707 

2.6285 

2 

55  Cs 

LPs 

LiMm 

4.7167 

2.3109 

3 

58  Ce 

Lp3 

L\Mm 

5.3651 

2.6388 

1 

51  Sb 

Li 

Abs.  Edge 

4.6984 

2.3122 

2 

64  Gd 

LI 

LmMi 

5.3621 

2.6398 

2 

51  Sb 

Lyi 

LiOu.m 

4.6967 

2.3139 

1 

55  Cs 

Lu 

Abs.  Edge 

5.3581 

2.65710 

9 

53  I 

Lyz 

LuNi 

4.6660 

2.3480 

2 

55  Cs 

Lyi 

LuNiv 

5.2804 

2.66570 

5 

57  La 

Lai 

LniMv 

4.65097 

2.3497 

4 

58  Ce 

Lpi 

LiMu 

5.2765 

2.6666 

2 

55  Cs 

Lpi 

LiMu 

4.6494 

2.3561 

3 

58  Ce 

Lpi 

LnMiv 

5.2622 

2.67533 

5 

57  La 

Lai 

LiuM  iv 

4.63423 

2.3629 

1 

56  Ba 

Lm 

Abs.  Edge 

5.2470 

2.6760 

4 

60  Nd 

LI 

LmMi 

4.6330 

2.3704 

2 

60  Nd 

Lai 

LniMv 

5.2304 

2.6837 

2 

55  Cs 

Lpi 

LnMiv 

4.6198 

2.3764 

2 

56  Ba 

LPi 

L\M\ 

5.2171 

2.6879 

1 

52  Te 

Ln 

Abs.  Edge 

4.6126 

2.3790 

4 

57  La 

Lp6 

LmNi 

5.2114 

2.6953 

2 

51  Sb 

Lyi, 3 

LiAii.m 

4.5999 

2.3806 

2 

56  Ba 

LPi 

LmOi 

5.2079 

2.71241 

6 

52  Te 

Lyi 

LuNiv 

4.5709 

2.3807 

3 

60  Nd 

Lai 

LmMiv 

5.2077 

2.71352 

9 

53  I 

LPo 

LiMy 

4.5690 

2.3869 

2 

56  Ba 

Lpio 

L\M\\ 

5.1941 

2.7196 

5 

53  I 

Lm 

Abs.  Edge 

4.5587 

2.3880 

5 

53  I 

Li 

Abs.  Edge 

5.192 

2.72104 

9 

53  I 

Lpio 

LiMiv 

4.5564 

37 


Table  YI  ( Continued ) 


Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

2.7288 

3 

53  I 

LPt 

LmOi 

4.5435 

3.04661 

9 

52  Te 

Lpi 

LiMn 

4.0695 

2.740 

3 

57  La 

Lv 

LuMi 

4.525 

3.068 

5 

90  Th 

Mm 

Abs.  Edge 

4.041 

2.74851 

2 

22  Ti 

Km 

KLui 

4.51084 

3.0703 

1 

20  Ca 

K 

Abs.  Edge 

4.0381 

2.75053 

8 

53  I 

LPi,\i 

LiiiYjv.v 

4.5075 

3.0746 

3 

20  Ca 

Kpi 

KM\y,y 

4.0325 

2.75216 

2 

22  Ti 

Ka2 

KLn 

4.50486 

3.07677 

6 

52  Te 

LPi 

LiiM\y 

4.02958 

2.753 

8 

92  U 

MiNm 

4.50 

3.08475 

9 

50  Sn 

Lyi 

LuNi 

4.0192 

2.762 

1 

21  Sc 

K 

Abs.  Edge 

4.489 

3.0849 

1 

48  Cd 

Li 

Abs.  Edge 

4.0190 

2.7634 

3 

21  Sc 

Kpb 

KMi\,\ 

4.4865 

3.0897 

2 

20  Ca 

KPi,3 

KMn.iii 

4.0127 

2.77595 

5 

56  Ba 

Lai 

LiuMy 

4.46626 

3.094 

5 

83  Bi 

Mi 

Abs.  Edge 

4.007 

2.7769 

1 

50  Sn 

Li 

Abs.  Edge 

4.4648 

3.11513 

9 

50  Sn 

LPa 

LiMy 

3.9800 

2.7775 

2 

50  Sn 

Lyi 

LiOii.iii 

4.4638 

3.11513 

9 

51  Sb 

Lp6 

LmNi 

3.9800 

2.7796 

2 

21  Sc 

2v/3i  ,3 

KMn.iii 

4.4605 

3.115 

7 

92  U 

MuiOi 

3.980 

2.7841 

4 

59  Pr 

LI 

LiuMi 

4.4532 

3.12170 

9 

50  Sn 

Lp  io 

LiMiy 

3.9716 

2.78553 

5 

56  Ba 

La2 

LinMiv 

4.45090 

3.131 

3 

90  Th 

MuiOiy,y 

3.959 

2.79007 

9 

52  Te 

Lyi 

LnNi 

4.4437 

3.1355 

2 

56  Ba 

LI 

LmMi 

3.9541 

2.817 

2 

92  U 

MnNiv 

4.401 

3.1377 

2 

48  Cd 

Lyi 

LiNu 

3.9513 

2.8294 

5 

51  Sb 

Lu 

Abs.  Edge 

4.3819 

3.1473 

1 

49  In 

Ln 

Abs.  Edge 

3.9393 

2.8327 

2 

50  Sn 

Lyi, 3 

Li-Yu.m 

4.3768 

3.14860 

6 

53  I 

Lai 

LniMy 

3.93765 

2.83672 

9 

53  I 

Lfis 

LiiiAi 

4.3706 

3.15258 

9 

51  Sb 

LPz 

LiM  in 

3.9327 

2.83897 

9 

52  Te 

Lp  9 

ZiMy 

4.3671 

3.1557 

1 

50  Sn 

Lni 

Abs.  Edge 

3.9288 

2.84679 

9 

52  Te 

Lp 10 

LiMur 

4.3551 

3.1564 

3 

50  Sn 

LPi 

LmOi 

3.9279 

2.85159 

3 

51  Sb 

Lyi 

L-n-Yiv 

4.34779 

3.15791 

6 

53  I 

La2 

LniMiy 

3.92604 

2.8555 

1 

52  Te 

Liu 

Abs.  Edge 

4.3418 

3.16213 

4 

49  In 

Lyi 

LnN  iv 

3.92081 

2.8627 

3 

56  Ba 

Lrj 

LnMi 

4.3309 

3.17505 

3 

50  Sn 

LPl,  15 

LmTVrv.v 

3.90486 

2.8634 

3 

52  Te 

LP  7 

LmOi 

4.3298 

3.19014 

9 

51  Sb 

LPi 

LiMn 

3.8364 

2.87429 

9 

53  I 

Lp  3 

LiMm 

4.3134 

3.217 

5 

82  Pb 

Mi 

Abs.  Edge 

3.854 

2.88217 

8 

52  Te 

Lp2,n 

LiiiYiv.v 

4.3017 

3.22567 

4 

51  Sb 

Lpi 

LuMiy 

3.84357 

2.884 

5 

92  U 

Mm 

Abs.  Edge 

4.299 

3.245 

9 

91  Pa 

MniOi 

3.82 

2.8917 

4 

58  Ce 

LI 

LmMi 

4.2875 

3.24907 

9 

49  In 

Lyi 

LnNi 

3.8159 

2.8924 

2 

55  Cs 

Lai 

LlllMy 

4.2865 

3.2564 

1 

47  Ag 

Li 

Abs.  Edge 

3.8072 

2.9020 

2 

55  Cs 

Lai 

LmMiv 

4.2722 

3.2670 

2 

55  Cs 

LI 

LmMi 

3.7950 

2.910 

2 

91  Pa 

MnNiy 

4.260 

3.26763 

9 

49  In 

LPa 

LiMy 

3.7942 

2.91207 

9 

53  I 

LPt 

LiMu 

4.2575 

3.26901 

9 

50  Sn 

LPi 

LiiiAi 

3.7926 

2.92 

2 

92  U 

MiNn 

4.25 

3.27404 

9 

49  In 

LPio 

LiMiy 

3.7868 

2.9260 

1 

49  In 

Li 

Abs.  Edge 

4.2373 

3.27979 

9 

53  I 

Lv 

LnMi 

3.7801 

2.9264 

2 

49  In 

Lyi 

LiOii.hi 

4.2367 

3.283 

9 

90  Th 

MuiOi 

3.78 

2.93187 

9 

51  Sb 

Lyb 

LnNi 

4.2287 

3.28920 

6 

52  Te 

Lai 

LniMy 

3.76933 

2.934 

8 

90  Th 

MiNui 

4.23 

3.29846 

9 

52  Te 

La2 

LuiM  iv 

3.7588 

2.93744 

6 

53  I 

Lpi 

LnMiv 

4.22072 

3.30585 

3 

50  Sn 

Lp3 

LiMm 

3.7500 

2.948 

2 

92  U 

MiuOiv,v 

4.205 

3.30635 

9 

47  Ag 

Ly3 

LiNm 

3.7498 

2.97088 

9 

52  Te 

Lpi 

LmNi 

4.1732 

3.31216 

9 

47  Ag 

Lyi 

LiNu 

3.7432 

2.97261 

9 

51  Sb 

LPa 

LiMy 

4.1708 

3.3237 

1 

49  In 

Liu 

Abs.  Edge 

3.7302 

2.97917 

9 

51  Sb 

LPio 

LiMiy 

4.1616 

3.324 

4 

49  In 

LPi 

LmOi 

3.730 

2.9800 

2 

49  In 

Lyi, 3 

LiNii,ni 

4.1605 

3.3257 

1 

48  Cd 

Ln 

Abs.  Edge 

3.7280 

2.9823 

1 

50  Sn 

Ln 

Abs.  Edge 

4.1573 

3.329 

4 

92  U 

3/iiAti 

3.724 

2.9932 

2 

55  Cs 

Li) 

LuMi 

4.1421 

3.333 

5 

92  U 

Miy 

Abs.  Edge 

3.720 

3.0003 

1 

51  Sb 

Liu 

Abs.  Edge 

4.1323 

3.33564 

6 

48  Cd 

Lyi 

Lii-Viv 

3.71686 

3.00115 

3 

50  Sn 

Lyi 

LiiAiv 

4.13112 

3.33838 

3 

49  In 

LPl,  15 

LiiiAiv.v 

3.71381 

3.0052 

3 

51  Sb 

LPi 

LmOi 

4.1255 

3.34335 

9 

50  Sn 

LPi 

LiMn 

3.7083 

3.006 

3 

57  La 

LI 

LmMi 

4.124 

3.346 

5 

81  TI 

Mi 

Abs.  Edge 

3.705 

3.00893 

9 

52  Te 

Lpi 

LiMm 

4.1204 

3.35839 

3 

20  Ca 

Ka  i 

KLui 

3.69168 

3.011 

2 

90  Th 

MnNiy 

4.117 

3.359 

5 

83  Bi 

Mn 

Abs.  Edge 

3.691 

3.0166 

2 

54  Xe 

Lai 

LiuMy 

4.1099 

3.36166 

3 

20  Ca 

Kai 

KLn 

3.68809 

3.02335 

3 

51  Sb 

LPl,n 

LniN  iv, v 

4.10078 

3.38487 

3 

50  Sn 

LPi 

LnM  iv 

3.66280 

3.0309 

1 

21  Sc 

Kai 

KLui 

4.0906 

3.42551 

9 

48  Cd 

Lyi 

LnNi 

3.61935 

3.0342 

1 

21  Sc 

Ka2 

KLn 

4.0861 

3.43015 

9 

48  Cd 

I-Pa 

LiMy 

3.61445 

3.038 

2 

91  Pa 

MmOiy,y 

4.081 

3.43606 

9 

49  In 

Lpi 

LniN  i 

3.60823 
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Table  VI  ( Continued ) 


Wavelength 

k* 

p.e. 

Element 

Designation 

keV 

Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

3.4365 

1 

19  K 

K 

Abs.  Edge 

3.6078 

3.77192 

4 

49  In 

Lai 

LuiMy 

3.28694 

3.4367 

2 

48  Cd 

L/3io 

LlMyy 

3.6075 

3.78073 

6 

49  In 

Laz 

LuiMiv 

3.27929 

3.437 

1 

46  Pd 

Li 

Abs.  Edge 

3.607 

3.783 

5 

80  Hg 

Mu 

Abs.  Edge 

3.277 

3.43832 

9 

52  Te 

Lr\ 

LuMi 

3.60586 

3.78876 

9 

50  Sn 

Lv 

LuMi 

3.27234 

3.43941 

4 

51  Sb 

Lai 

LuiMy 

3.60472 

3.7920 

2 

46  Pd 

LPz 

LiMy 

3.2696 

3.441 

5 

91  Pa 

MuNi 

3.603 

3.7988 

2 

46  Pd 

LPio 

LiMiy 

3.2637 

3.4413 

4 

19  K 

m 

KMiyty 

3.6027 

3.80774 

9 

47  Ag 

Lpi 

LuiNi 

3.25603 

3.44840 

6 

51  Sb 

Laz 

LmMxy 

3.59532 

3.808 

4 

90  Th 

MiyOu 

3.256 

3.4539 

2 

19  K 

K(ii,z 

KMu.ui 

3.5896 

3.8222 

2 

46  Pd 

Lyi 

LuNi 

3.2437 

3.46984 

9 

49  In 

Lp  3 

LiMui 

3.57311 

3.827 

1 

91  Pa 

Mp 

MiyNyi 

3.2397 

3.478 

5 

80  Hg 

Mi 

Abs.  Edge 

3.565 

3.83313 

9 

47  Ag 

LPz 

LiMui 

3.23446 

3.479 

1 

92  U 

My 

MuiNy 

3.563 

3.834 

4 

83  Bi 

MnN  iy 

3.234 

3.4892 

2 

46  Pd 

Lyz.z 

LiNu.ui 

3.5533 

3.835 

5 

44  Ru 

Li 

Abs.  Edge 

3.233 

3.492 

5 

82  Pb 

Mu 

Abs.  Edge 

3.550 

3.87023 

5 

47  Ag 

LPi 

LiMu 

3.20346 

3.497 

5 

92  U 

My 

Abs.  Edge 

3.545 

3.87090 

5 

18  A 

K 

Abs.  Edge 

3.20290 

3.5047 

1 

48  Cd 

Lin 

Abs.  Edge 

3.5376 

3.872 

9 

82  Pb 

MiNui 

3.202 

3.50697 

9 

49  In 

L$i 

LiMu 

3.53528 

3.8860 

2 

18  A 

NP\,z 

KMu.ui 

3.1905 

3.51408 

4 

48  Cd 

LPz.li 

EmA’rv.v 

3.52812 

3.88826 

9 

51  Sb 

LI 

LuiMi 

3.18860 

3.5164 

1 

47  Ag 

Lu 

Abs.  Edge 

3.5258 

3.892 

9 

83  Bi 

MiNu 

3.185 

3.521 

2 

92  U 

MuiNiv 

3.521 

3.8977 

2 

44  Ru 

Lyz.z 

LiNu.ui 

3.1809 

3.52260 

4 

47  Ag 

Lyi 

LuNrv 

3.51959 

3.904 

5 

83  Bi 

Mui 

Abs.  Edge 

3.176 

3.537 

9 

90  Th 

MuNi 

3.505 

3.9074 

1 

46  Pd 

Lui 

Abs.  Edge 

3.17298 

3.55531 

4 

49  In 

Lpi 

LuMiy 

3.48721 

3.90887 

4 

46  Pd 

LPz.n 

LuiN  rv.v 

3.17179 

3.557 

5 

90  Th 

M iv 

Abs.  Edge 

3.485 

3.910 

1 

92  U 

Mai 

MyNyu 

3.1708 

3.55754 

9 

53  I 

LI 

LmMi 

3.48502 

3.915 

5 

77  Ir 

Mi 

Abs.  Edge 

3.167 

3.576 

1 

92  U 

MtvOu 

3.4666 

3.924 

1 

92  U 

Ma  2 

MyNy  i 

3.1595 

3.577 

1 

91  Pa 

My 

MuiNy 

3.4657 

3.932 

6 

83  Bi 

MuiOrvy 

3.153 

3.59994 

3 

50  Sn 

La\ 

LuiMy 

3.44398 

3.93473 

3 

47  Ag 

Lpi 

LuMiy 

3.15094 

3.60497 

9 

47  Ag 

LP  9 

LiMy 

3.43917 

3.936 

5 

79  Au 

Mu 

Abs.  Edge 

3.150 

3.60765 

9 

51  Sb 

Lv 

LuMi 

3.43661 

3.941 

1 

90  Th 

Mp 

MiyNyi 

3.1458 

3.60891 

4 

50  Sn 

La  2 

LiuMiy 

3.43542 

3.9425 

5 

45  Rh 

Ln 

Abs.  Edge 

3.1448 

3.61158 

9 

47  Ag 

Lp  io 

LiMiy 

3.43287 

3.9437 

2 

45  Rh 

Lyi 

LuNrv 

3.1438 

3.614 

2 

91  Pa 

MuiNiv 

3.430 

3.95635 

4 

48  Cd 

Lai 

LuiMy 

3.13373 

3.61467 

9 

48  Cd 

LPa 

LuiNi 

3.42994 

3.96496 

6 

48  Cd 

Laz 

LiuMiy 

3.12691 

3.61638 

9 

47  Ag 

Lyi 

LuNi 

3.42832 

3.968 

5 

82  Pb 

MuNiy 

3.124 

3.616 

5 

79  Au 

Mi 

Abs.  Edge 

3.428 

3.98327 

9 

49  In 

Lv 

LuMi 

3.11254 

3.629 

5 

45  Rh 

Li 

Abs.  Edge 

3.417 

4.013 

9 

81  T1 

MiNui 

3.089 

3.634 

5 

81  T1 

Mn 

Abs.  Edge 

3.412 

4.0162 

2 

46  Pd 

LPz 

LuiNi 

3.0870 

3.64495 

9 

48  Cd 

LPz 

LiMui 

3.40145 

4.022 

1 

91  Pa 

Mai 

MyNy  ii 

3.0823 

3.679 

2 

90  Th 

My 

MuiNy 

3.370 

4.0346 

2 

46  Pd 

Lpz 

LiMui 

3.0730 

3.68203 

9 

48  Cd 

Lpi 

LiMu 

3.36719 

4.035 

3 

91  Pa 

Maz 

MyNyi 

3.072 

3.6855 

2 

45  Rh 

Lyz.z 

LiN  u.m 

3.3640 

4.0451 

2 

45  Rh 

Lyz 

LuNi 

3.0650 

3.691 

2 

91  Pa 

MxyOu 

3.359 

4.047 

1 

82  Pb 

Mui 

Abs.  Edge 

3.0632 

3.6999 

1 

47  Ag 

Liu 

Abs.  Edge 

3.35096 

4.058 

5 

43  Te 

Li 

Abs.  Edge 

3.055 

3.70335 

3 

47  Ag 

LPZ'H 

LuiNu/.y 

3.34781 

4.069 

6 

82  Pb 

MiuOiyy 

3.047 

3.716 

1 

92  U 

Mp 

MiyNyi 

3.3367 

4.0711 

2 

46  Pd 

LPi 

LiMu 

3.0454 

3.71696 

9 

52  Te 

LI 

LmMi 

3.33555 

4.071 

5 

76  0s 

Mi 

Abs.  Edge 

3.045 

3.718 

3 

90  Th 

MuiNiv 

3.335 

4.07165 

9 

50  Sn 

LI 

LiuMi 

3.04499 

3.7228 

1 

46  P d 

Lu 

Abs.  Edge 

3.33031 

4.093 

5 

78  Pt 

Mu 

Abs.  Edge 

3.029 

3.7246 

2 

46  Pd 

Lyi 

LuNiv 

3.3287 

4.105 

9 

83  Bi 

MuiOi 

3.021 

3.729 

5 

90  Th 

My 

Abs.  Edge 

3.325 

4.116 

4 

81  T1 

MnN  IV 

3.013 

3.73823 

4 

48  Cd 

LPi 

LuMxv 

3.31657 

4.1299 

5 

45  Rh 

Lui 

Abs.  Edge 

3.0021 

3.740 

9 

83  Bi 

MiNui 

3.315 

4.1310 

2 

45  Rh 

LPz,  16 

LiuN  rv.v 

3.0013 

3.7414 

2 

19  K 

Kai 

KLui 

3.3138 

4.1381 

9 

90  Th 

Mai 

MyNy  ii 

2.9961 

3.7445 

2 

19  K 

Kaz 

KLu 

3.3111 

4.14622 

5 

46  Pd 

LPi 

LuMiy 

2.99022 

3.760 

9 

90  Th 

MyPui 

3.298 

4.151 

2 

90  Th 

Maz 

MyNyi 

2.987 

3.762 

5 

78  Pt 

Mi 

Abs.  Edge 

3.296 

4.15443 

3 

47  Ag 

Lai 

LuiMy 

2.98431 
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Table  VI  ( Continued ) 


Wavelength 

A* 

p.e 

Element 

Designation 

keV 

Wavelength 

A* 

p.e 

Element 

Designation 

keV 

4.16294 

5 

47  Ag 

LoC2 

ZniMiv 

2.97821 

4.6542 

2 

41  Nb 

Ly2,3 

AiAii.m 

2.6638 

4.180 

1 

44  Ru 

Lu 

Abs.  Edge 

2.9663 

4.655 

8 

82  Pb 

M„Ai 

2.664 

4.1822 

2 

44  Ru 

Ly  i 

AnArv 

2.9645 

4.6605 

2 

46  Pd 

Ly 

AhMi 

2.6603 

4.19180 

5 

18  A 

Ka\ 

AT  Am 

2.95770 

4.674 

1 

82  Pb 

My 

MmAv 

2.6527 

4.19315 

9 

48  Cd 

Ly 

AuMi 

2.95675 

4.686 

1 

78  Pt 

Mm 

Abs.  Edge 

2.6459 

4.19474 

5 

18  A 

Kai 

KLn 

2.95563 

4.694 

8 

78  Pt 

MmOrv.v 

2.641 

4.198 

1 

81  T1 

Mm 

Abs.  Edge 

2.9535 

4.703 

9 

79  Au 

MmOi 

2.636 

4.216 

6 

81  T1 

MmOiv.v 

2.941 

4.7076 

2 

47  Ag 

LI 

AhiMx 

2.6337 

4.236 

5 

75  Re 

Mi 

Abs.  Edge 

2.927 

4.715 

3 

82  Pb 

MmAiv 

2.630 

4.2417 

2 

45  Rh 

Aft 

LmNi 

2.9229 

4.719 

1 

42  Mo 

An 

Abs.  Edge 

2.6274 

4.244 

9 

82  Pb 

MmOi 

2.921 

4.7258 

2 

42  Mo 

Lyx 

AnArv 

2.6235 

4.2522 

2 

45  Rh 

Aft 

LiMin 

2.9157 

4.7278 

1 

17  Cl 

Ka\ 

KLui 

2.62239 

4.260 

5 

77  Ir 

Mu 

Abs.  Edge 

2.910 

4.7307 

1 

17  Cl 

Ka  2 

KLu 

2.62078 

4.26873 

9 

49  In 

LI 

AmMi 

2.90440 

4.757 

5 

82  Pb 

Mi\ 

Abs.  Edge 

2.606 

4.2873 

2 

44  Ru 

Ly  5 

AniVi 

2.8918 

4.764 

5 

83  Bi 

Mv 

Abs.  Edge 

2.603 

4.2888 

2 

45  Rh 

A/3  4 

LiMn 

2.8908 

4.780 

4 

77  Ir 

MnArv 

2.594 

4.300 

9 

79  Au 

MiNni 

2.883 

4.79 

2 

76  Os 

Mi  Am 

2.59 

4.304 

5 

42  Mo 

Li 

Abs.  Edge 

2.881 

4.815 

5 

74  W 

M„ 

Abs.  Edge 

2.575 

4.330 

2 

92  U 

MmiVi 

2.863 

4.823 

3 

83  Bi 

MrvOn 

2.571 

4.355 

1 

80  Hg 

Mm 

Abs.  Edge 

2.8469 

4.823 

4 

81  T1 

My 

MmAv 

2.571 

4.36767 

5 

46  Pd 

La\ 

AinMv 

2.83861 

4.8369 

2 

42  Mo 

Lyi 

AiiAj 

2.5632 

4.369 

1 

44  Ru 

L\n 

Abs.  Edge 

2.8377 

4.84575 

5 

44  Ru 

Lai 

AmMv 

2.55855 

4.3718 

2 

44  Ru 

L(3  2,16 

LuiNiwy 

2.8360 

4.85381 

7 

44  Ru 

La2 

AmMiv 

2.55431 

4.37414 

4 

45  Rh 

Lp 1 

AuMiv 

2.83441 

4.861 

1 

77  Ir 

Mm 

Abs.  Edge 

2.5505 

4.37588 

7 

46  Pd 

La  2 

AinMiv 

2.83329 

4.865 

5 

81  T1 

MmArv 

2.548 

4.3800 

2 

42  Mo 

Ly  2,3 

AiAii.iii 

2.8306 

4.869 

9 

77  Ir 

MmOiv.v 

2.546 

4.3971 

1 

17  Cl 

K 

Abs.  Edge 

2.81960 

4.876 

9 

78  Pt 

MmOi 

2.543 

4.4034 

3 

17  Cl 

Kt 3 

KM 

2.8156 

4.879 

5 

40  Zr 

Li 

Abs.  Edge 

2.541 

4.407 

5 

74  W 

Mi 

Abs.  Edge 

2.813 

4.8873 

8 

43  Tc 

LP\ 

AnMrv 

2.5368 

4.4183 

2 

47  Ag 

Ly 

A„Mi 

2.8061 

4.909 

1 

83  Bi 

Mp 

MivAvi 

2.5255 

4.432 

4 

79  Au 

MiiJViv 

2.797 

4.911 

5 

90  Th 

MivAm 

2.524 

4.433 

5 

76  Os 

Mu 

Abs.  Edge 

2.797 

4.913 

1 

42  Mo 

Liu 

Abs.  Edge 

2.5234 

4.436 

1 

43  Te 

-£-ii 

Abs.  Edge 

2.7948 

4.9217 

2 

45  Rh 

Ly 

AuMi 

2.5191 

4.44 

2 

74  W 

MiOii.m 

2.79 

4.9232 

2 

42  Mo 

Aft,  16 

AmiAiv.v 

2.5183 

4.450 

4 

91  Pa 

MihA'i 

2.786 

4.946 

2 

92  U 

Mr. 

MvAm 

2.507 

4.460 

9 

78  Pt 

MiNui 

2.780 

4.952 

5 

81  T1 

Miv 

Abs.  Edge 

2.504 

4.48014 

9 

48  Cd 

AJ 

AiuMi 

2.76735 

4.9525 

3 

46  Pd 

LI 

AmMi 

2.5034 

4.4866 

3 

44  Ru 

Lp 3 

AiMin 

2.7634 

4.9536 

3 

40  Zr 

Lyzt z 

AiAii.m 

2.5029 

4.4866 

3 

44  Ru 

A/3  6 

LmNi 

2.7634 

4.955 

4 

76  Os 

MnArv 

2.502 

4.518 

1 

79  Au 

Mm 

Abs.  Edge 

2.7439 

4.955 

5 

82  Pb 

Mv 

Abs.  Edge 

2.502 

4.522 

6 

79  Au 

MmOiv.v 

2.742 

4.984 

2 

80  Hg 

My 

MmAv 

2.4875 

4.5230 

2 

44  Ru 

Aft 

A, M„ 

2.7411 

5.004 

9 

82  Pb 

MrvOn 

2.477 

4.532 

2 

83  Bi 

My 

MmNv 

2.735 

5.0133 

3 

42  Mo 

Aft 

AiMm 

2.4730 

4.568 

5 

90  Th 

MinNi 

2.714 

5.0185 

1 

16  S 

K 

Abs.  Edge 

2.47048 

4.571 

5 

83  Bi 

Mm  A iv 

2.712 

5.020 

5 

73  Ta 

Mu 

Abs.  Edge 

2.470 

4.572 

5 

83  Bi 

Miv 

Abs.  Edge 

2.711 

5.0233 

3 

16  S 

Kpx 

KM 

2.4681 

4.575 

5 

41  Nb 

Li 

Abs.  Edge 

2.710 

5.031 

1 

41  Nb 

Lu 

Abs.  Edge 

2.4641 

4.585 

5 

73  Ta 

Mi 

Abs.  Edge 

2.704 

5.0316 

2 

16  S 

Kpi 

KM 

2.46404 

4.59 

2 

83  Bi 

MrvPii.in 

2.70 

5.0361 

3 

41  Nb 

Lyi 

AnArv 

2.4618 

4.59743 

9 

45  Rh 

Lai 

AniMy 

2.69674 

5.043 

5 

76  Os 

Mm 

Abs.  Edge 

2.458 

4.601 

4 

78  Pt 

MnAiv 

2.695 

5.0488 

3 

42  Mo 

Aft 

AiM„ 

2.4557 

4.60545 

9 

45  Rh 

A«2 

AmMiv 

2.69205 

5.0488 

5 

42  Mo 

Aft 

AmAi 

2.4557 

4.620 

5 

75  Re 

M„ 

Abs.  Edge 

2.684 

5.050 

2 

92  U 

Mr2 

M iv  An 

2.4548 

4.62058 

3 

44  Ru 

Lp\ 

AuMiv 

2.68323 

5.076 

1 

82  Pb 

Mp 

MrvAvi 

2.4427 

4.625 

5 

92  U 

Miv  Am 

2.681 

5.092 

2 

91  Pa 

Mr, 

MvAm 

2.4350 

4.630 

1 

43  Tc 

Lin 

Abs.  Edge 

2.6780 

5.1148 

3 

43  Tc 

La\ 

AniMy 

2.4240 

4.631 

9 

77  Ir 

MiAm 

2.677 

5.118 

1 

83  Bi 

Mai 

MyAvii 

2.4226 
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Table  VI  ( Continued ) 


Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

5.130 

2 

83  Bi 

Mai 

MyNy  i 

2.4170 

5.6445 

3 

38  Sr 

Lyitz 

LiN  n,ni 

2.1965 

5.145 

4 

79  Au 

My 

MmNy 

2.410 

5.6476 

9 

80  Hg 

Mai 

MyNy  ii 

2.1953 

5.1517 

3 

41  Nb 

Lyz 

LnNi 

2.4066 

5.650 

5 

73  Ta 

Mm 

Abs.  Edge 

2.194 

5.153 

5 

81  T1 

My 

Abs.  Edge 

2.406 

5.6681 

3 

40  Zr 

LPi 

LiMn 

2.1873 

5.157 

5 

80  Hg 

M\y 

Abs.  Edge 

2.404 

5.67 

3 

73  Ta 

MniOiyy 

2.19 

5.168 

9 

82  Pb 

MyOm 

2.399 

5.682 

4 

76  Os 

My 

MniNy 

2.182 

5.172 

9 

74  W 

MiNm 

2.397 

5.704 

8 

82  Pb 

MniNi 

2.174 

5.17708 

8 

42  Mo 

Lp  1 

LllMiy 

2.39481 

5.7101 

3 

40  Zr 

Lpz 

LmNi 

2.1712 

5.186 

5 

79  Au 

MmNiy 

2.391 

5.724 

5 

76  Os 

MmNiy 

2.166 

5.193 

2 

91  Pa 

Mli 

M\y  Nu 

2.3876 

5.7243 

2 

41  Nb 

Lai 

LlllMy 

2.16589 

5.196 

9 

81  T1 

Miy  On 

2.386 

5.7319 

3 

41  Nb 

Lai 

LniMrv 

2.1630 

5.2050 

2 

44  Ru 

Lr) 

LnMi 

2.38197 

5.756 

1 

39  Y 

Ln 

Abs.  Edge 

2.1540 

5.217 

5 

39  Y 

Li 

Abs.  Edge 

2.377 

5.767 

9 

79  Au 

MyOm 

2.150 

5.2169 

3 

45  Rh 

LI 

LmMi 

2.3765 

5.784 

1 

15  P 

K 

Abs.  Edge 

2.1435 

5.230 

1 

41  Nb 

Lin 

Abs.  Edge 

2.3706 

5.796 

2 

15  P 

Kp 

KM 

2.1391 

5.234 

5 

75  Re 

Mni 

Abs.  Edge 

2.369 

5.81 

2 

76  Os 

MuNi 

2.133 

5.2379 

3 

41  Nb 

Lpl,  15 

I'liiTVrv.v 

2.3670 

5.81 

1 

78  Pt 

My 

Abs.  Edge 

2.133 

5.245 

5 

90  Th 

Mfi 

MyNni 

2.364 

5.828 

1 

78  Pt 

Mp 

MiyNyi 

2.1273 

5.249 

1 

81  T1 

Mp 

MrvNyi 

2.3621 

5.83 

2 

73  Ta 

MniOi 

2.126 

5.2830 

3 

39  Y 

Lyi.% 

LiN  ii.iii 

2.3468 

5.83 

1 

77  Ir 

Miy 

Abs.  Edge 

2.126 

5.286 

1 

82  Pb 

Mai 

MyNyn 

2.3455 

5.8360 

3 

40  Zr 

Lpi 

LnMiy 

2.1244 

5.299 

2 

82  Pb 

Mai 

MyNy  i 

2.3397 

5.840 

1 

79  Au 

Mai 

MyNy  ii 

2.1229 

5.3102 

3 

41  Nb 

Lpz 

LiMin 

2.3348 

S.8475 

3 

42  Mo 

Li] 

LnMi 

2.1202 

5.319 

4 

78  Pt 

My 

MniNy 

2.331 

5.854 

3 

79  Au 

Mai 

MyNyi 

2.118 

5.340 

5 

90  Th 

Mh 

Miy  Nn 

2.322 

5.8754 

3 

39  Y 

Lyi 

LnNi 

2.1102 

5.3455 

3 

41  Nb 

Lpi 

LiMn 

2.3194 

5.884 

8 

81  T1 

MmNi 

2.107 

5.357 

4 

74  W 

MnN  rv 

2.314 

5.885 

2 

75  Re 

My 

MniNy 

2.1067 

5.357 

5 

78  Pt 

Mm  Niy 

2.314 

5.931 

5 

75  Re 

MmNiy 

2.090 

5.36 

1 

80  Hg 

My 

Abs.  Edge 

2.313 

5.962 

1 

39  Y 

Lni 

Abs.  Edge 

2.0794 

5.3613 

3 

41  Nb 

Lpz 

LmNi 

2.3125 

5.9832 

3 

39  Y 

Lpz 

LiMm 

2.0722 

5.37216 

7 

16  S 

Kai 

KLin 

2.30784 

5.987 

9 

78  Pt 

MyOm 

2.071 

5.374 

5 

79  Au 

Miy 

Abs.  Edge 

2.307 

6.008 

5 

37  Rb 

Li 

Abs.  Edge 

2.063 

5.37496 

8 

16  S 

Kai 

KLn 

2.30664 

6.0186 

3 

39  Y 

Lp< 

LiMn 

2.0600 

5.378 

1 

40  Zr 

Lu 

Abs.  Edge 

2.3053 

6.038 

1 

77  Ir 

Mp 

MiyNyi 

2.0535 

5.3843 

3 

40  Zr 

Ly\ 

LuNiy 

2.3027 

6.0458 

3 

37  Rb 

Lyi,z 

LiNn.ui 

2.0507 

5.40 

2 

73  Ta 

MiNm 

2.295 

6.047 

1 

78  Pt 

Mai 

MyNy  ii 

2.0505 

5.40655 

8 

42  Mo 

La\ 

LiuMy 

2.29316 

6.05 

1 

77  Ir 

My 

Abs.  Edge 

2.048 

5.41437 

8 

42  Mo 

Lai 

LiuMiy 

2.28985 

6.058 

3 

78  Pt 

Mai 

MyNyi 

2.047 

5.4318 

9 

80  Hg 

Mp 

MiyNyi 

2.2825 

6.0705 

2 

40  Zr 

Lai 

LlllMy 

2.04236 

5.435 

1 

74  W 

Mm 

Abs.  Edge 

2.2811 

6.073 

5 

76  Os 

Miy 

Abs.  Edge 

2.042 

5.460 

1 

81  T1 

Mai 

MyNyn 

2.2706 

6.0778 

3 

40  Zr 

Lai 

LmMiy 

2.0399 

5.472 

2 

81  T1 

Mai 

MyNy  i 

2.2656 

6.09 

2 

80  Hg 

MmNi 

2.036 

5.4923 

3 

41  Nb 

Lpi 

LnMiy 

2.2574 

6.092 

3 

74  W 

My 

MmNy 

2.035 

5.4977 

3 

40  Zr 

Lyz 

LnNi 

2.2551 

6.0942 

3 

39  Y 

Lpz 

LmNi 

2.0344 

5.500 

4 

77  Ir 

M y 

MniNy 

2.254 

6.134 

4 

74  W 

MmNiy 

2.021 

5.5035 

3 

44  Ru 

LI 

LmMi 

2.2528 

6.1508 

3 

42  Mo 

LI 

LmMi 

2.01568 

5.537 

8 

83  Bi 

MniNi 

2.239 

6.157 

1 

15  P 

Kai 

KLm 

2.0137 

5.540 

5 

77  Ir 

MmNiy 

2.238 

6.160 

1 

15  P 

Kai 

KLn 

2.0127 

5.570 

4 

73  Ta 

M II  Niy 

2.226 

6.162 

8 

83  Bi 

MiyNm 

2.012 

5.579 

1 

40  Zr 

Lm 

Abs.  Edge 

2.2225 

6.173 

1 

38  Sr 

Ln 

Abs.  Edge 

2.0085 

5.584 

5 

79  Au 

My 

Abs.  Edge 

2.220 

6.2109 

3 

41  Nb 

Li) 

LnMi 

1.99620 

5.5863 

3 

40  Zr 

Lpi,u 

LniN  iv  .v 

2.2194 

6.2120 

3 

39  Y 

Lpi 

LnM  iv 

1.99584 

5.59 

1 

78  Pt 

Miy 

Abs.  Edge 

2.217 

6.259 

9 

79  Au 

MmNi 

1.981 

5.592 

5 

38  Sr 

Li 

Abs.  Edge 

2.217 

6.262 

1 

77  Ir 

Mai 

MyNy  ii 

1.9799 

5.624 

1 

79  Au 

Mp 

MiyNyi 

2.2046 

6.267 

1 

76  Os 

Mp 

M iyNyi 

1.9783 

5.628 

8 

74  W 

MmOi 

2.203 

6.275 

3 

77  Ir 

Mai 

M yNy  i 

1.9758 

5.6330 

3 

40  Zr 

Lpz 

LiMm 

2.2010 

6.28 

2 

74  W 

MnNi 

1.973 

41 


Table  VI  ( Continued ) 


Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

6.2961 

3 

38  Sr 

T75 

TnYi 

1.96916 

7.101 

8 

79  Au 

MivNui 

1.746 

6.30 

1 

76  Os 

Mv 

Abs.  Edge 

1.967 

7.11 

1 

73  Ta 

Mv 

Abs.  Edge 

1.743 

6.312 

4 

73  Ta 

My 

MiuNv 

1.964 

7.12542 

9 

14  Si 

Kai 

KTin 

1 . 73998 

6.33 

1 

75  Re 

Mi\ 

Abs.  Edge 

1.958 

7.12791 

9 

14  Si 

Kai 

KLu 

1.73938 

6.353 

5 

73  Ta 

MinNiv 

1.951 

7.168 

1 

36  Kr 

Lu 

Abs.  Edge 

1.7297 

6.3672 

3 

38  Sr 

Lp  3 

LiMni 

1.94719 

7.250 

5 

36  Kr 

LuNiii 

1.710 

6.384 

7 

82  Pb 

MivNui 

1.942 

7.252 

1 

73  Ta 

Ma 

MvNvi.vu 

1.7096 

6.387 

1 

38  Sr 

Tin 

Abs.  Edge 

1.9411 

7.264 

5 

36  Kr 

LPt 

LiMui 

1.707 

6.4026 

3 

38  Sr 

T/34 

LiMu 

1.93643 

7.279 

5 

36  Kr 

Ly  6 

LuNi 

1.703 

6.4488 

2 

39  Y 

Lai 

LinMv 

1.92256 

7.30 

2 

73  Ta 

MvOui 

1.700 

6.455 

9 

78  Pt 

MuiNi 

1.921 

7.303 

1 

72  Hf 

Mp 

MivNvi 

1.6976 

6.4558 

3 

39  Y 

Lai 

LiuMiv 

1.92047 

7.304 

5 

36  Kr 

Lpt 

LiMu 

1.697 

6.47 

1 

36  Kr 

Li 

Abs.  Edge 

1.915 

7.3183 

2 

37  Rb 

Lai 

LuiMv 

1.69413 

6.490 

1 

76  Os 

Ma 

MvNvi.vu 

1.9102 

7.3251 

3 

37  Rb 

La-i 

LuiAIiv 

1.69256 

6.504 

1 

75  Re 

Mp 

MivNvi 

1.9061 

7.3563 

3 

39  Y 

LI 

Lu\M  1 

1.68536 

6.5176 

3 

41  Nb 

LI 

LuiMi 

1.90225 

7.360 

8 

74  W 

MuiNi 

1.684 

6.5191 

3 

38  Sr 

Lpe 

LinNj 

1.90181 

7.371 

8 

78  Pt 

MivNui 

1.682 

6.521 

4 

83  Bi 

MvNui 

1.901 

7.392 

1 

36  Kr 

Lui 

Abs.  Edge 

1.6772 

6.544 

4 

72  Hf 

My 

MinNv 

1.895 

7.466 

4 

79  Au 

Mii 

MvNui 

1.6605 

6.560 

5 

75  Re 

Mv 

Abs.  Edge 

1.890 

7.503 

1 

34  Se 

Li 

Abs.  Edge 

1.6525 

6.585 

5 

83  Bi 

Mii 

MivNn 

1.883 

7.510 

4 

36  Kr 

Lp6 

LuiNi 

1.6510 

6-59 

1 

74  W 

M iv 

Abs.  Edge 

1.880 

7.5171 

3 

38  Sr 

Lt) 

LnMi 

1.64933 

6.6069 

3 

40  Zr 

Tj? 

LnMi 

1.87654 

7.523 

5 

79  Au 

Mii 

MrvNu 

1.648 

6.6239 

3 

38  Sr 

LP\ 

LnMiv 

1.87172 

7.539 

1 

72  Hf 

Ma 

MvNvi.vu 

1.6446 

6.644 

1 

37  Rb 

Lu 

Abs.  Edge 

1.8661 

7.546 

8 

68  Er 

My 

MuiNv 

1.643 

6.669 

9 

77  Ir 

MmNi 

1.859 

7.576 

3 

36  Kr 

Lpi 

LuMiv 

1.6366 

6.729 

1 

75  Re 

Ma 

MvNvi.vu 

1.8425 

7.60 

1 

68  Er 

MuiNiv 

1.632 

6.738 

1 

14  Si 

K 

Abs.  Edge 

1.8400 

7.601 

2 

71  Lu 

Mp 

MivNvi 

1.6312 

6.740 

3 

82  Pb 

M^ 

MvNui 

1.8395 

7.612 

9 

73  Ta 

MuiNi 

1.629 

6.7530 

1 

14  Si 

Kp 

KM 

1.83594 

7.645 

8 

77  Ir 

MivNui 

1.622 

6.755 

3 

37  Rb 

Lyi 

LuNxv 

1.83532 

7.738 

4 

78  Pt 

M^ 

MvNui 

1.6022 

6.757 

1 

74  W 

Mp 

MivNvi 

1.8349 

7.753 

5 

35  Br 

Lu 

Abs.  Edge 

1.599 

6.768 

6 

71  Lu 

My 

MniNv 

1.832 

7.767 

9 

35  Br 

Lpz,  4 

LiMu, in 

1.596 

6.7876 

3 

37  Rb 

Lpz 

LiMm 

1.82659 

7.790 

5 

78  Pt 

Mii 

MrvNu 

1.592 

6.802 

5 

82  Pb 

Mii 

MivNn 

1.823 

7.817 

3 

36  Kr 

Lai, 2 

LuiMiv.v 

1.5860 

6.806 

9 

74  W 

MivOn 

1.822 

7.8362 

3 

38  Sr 

LI 

LuiMi 

1.58215 

6.8207 

3 

37  Rb 

Lpi 

LiMn 

1.81771 

7.840 

2 

71  Lu 

Ma 

MvNvi.vu 

1.5813 

6.83 

1 

74  W 

My 

Abs.  Edge 

1.814 

7.865 

9 

67  Ho 

My 

MmNiv.v 

1.576 

6.862 

1 

37  Rb 

Tin 

Abs.  Edge 

1.8067 

7.887 

9 

72  Hf 

M uiNi 

1.572 

6.8628 

2 

38  Sr 

Lai 

LinMv 

1.80656 

7.909 

2 

70  Yb 

Mp 

MivNvi 

1.5675 

6.8697 

3 

38  Sr 

La2 

LiuMiv 

1.80474 

7.94813 

5 

13  A1 

K 

Abs.  Edge 

1.55988 

6.87 

1 

73  Ta 

Mjv 

Abs.  Edge 

1.804 

7.960 

2 

13  A1 

Kp 

KM 

1.55745 

6.87 

2 

80  Hg 

5 

MrvNui 

1.805 

7.984 

5 

35  Br 

Lui 

Abs.  Edge 

1.5530 

6.89 

2 

76  Os 

M ni  N 1 

1.798 

8.021 

4 

77  Ir 

Mii 

MvNui 

1.5458 

6.9185 

3 

40  Zr 

LI 

LmMi 

1.79201 

8.0415 

4 

37  Rb 

Lt) 

LuMi 

1.54177 

6.959 

5 

35  Br 

Li 

Abs.  Edge 

1.781 

8.065 

5 

77  Ir 

M^ 

MrvNu 

1.5373 

6.974 

4 

81  T1 

M^ 

MvNui 

1.778 

8.107 

1 

33  As 

Li 

Abs.  Edge 

1.5293 

6.983 

1 

74  W 

Mai 

MyNv  n 

1 . 7754 

8.1251 

5 

35  Br 

Lpi 

TnMiv 

1.52590 

6.9842 

3 

37  Rb 

LPz 

LxaNi 

1.77517 

8.144 

9 

66  Dy 

My 

MuiNiv.v 

1.522 

6.992 

2 

74  W 

Mai 

MyNvi 

1.7731 

8.149 

5 

70  Yb 

Ala 

MvNvi.vu 

1.5214 

7.005 

9 

74  W 

MvOni 

1.770 

8.239 

8 

75  Re 

MivNui 

1.505 

7.023 

1 

73  Ta 

Mp 

MivNvi 

1.7655 

8.249 

7 

69  Tm 

Mp 

M iyA^vi 

1.503 

7.024 

8 

70  Yb 

My 

MiuNv 

1.765 

8.310 

4 

76  Os 

M^ 

MvNui 

1.4919 

7.032 

5 

81  T1 

M^ 

MivNn 

1.763 

8.321 

9 

34  Se 

LPi,\ 

LiMu, 111 

1.490 

7.0406 

3 

39  Y 

Tj? 

LnMi 

1 . 76095 

8.33934 

9 

13  A1 

Kai 

KLiu 

1.48670 

7.0759 

3 

37  Rb 

LPi 

LnMrv 

1.75217 

8.34173 

9 

13  A1 

Kai 

KLu 

1.48627 

7.09 

2 

73  Ta 

MivOn.ni 

1.748 

8.359 

5 

76  Os 

M^ 

MrvNu 

1.4831 

42 


Table  VI  ( Continued ) 


Wavelength 

k* 

p.e 

Element 

Designation 

keV 

Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

8.3636 

4 

37  Rb 

LI 

LxxxMx 

1.48238 

10.254 

6 

64  Gd 

Mp 

MxyNyx 

1.2091 

8.3746 

5 

35  Br 

Lai, i 

LxxxMjyy 

1.48043 

10.294 

1 

34  Se 

LI 

LxxxMx 

1.2044 

8.407 

1 

34  Se 

L\i 

Abs.  Edge 

1.4747 

10.359 

9 

31  Ga 

LP3.4 

LxMxx.xxx 

1.197 

8.470 

9 

70  Yb 

MxxiNx 

1.464 

10.40 

7 

92  U 

NxxPx 

1.192 

8.48 

1 

69  Tm 

Ma 

MyNyxyxx 

1.462 

10.4361 

8 

32  Ge 

Lai, 2 

LxxxMxv.v 

1 . 18800 

8.486 

9 

65  Tb 

My 

MxxxNxv.v 

1.461 

10.46 

3 

64  Gd 

Ma 

MyNyx.yxx 

1.185 

8.487 

5 

69  Tm 

My 

Abs.  Edge 

1.4609 

10.48 

1 

70  Yb 

Mi 

MyNxxx 

1.183 

8.573 

8 

74  W 

MxyNxxx 

1.446 

10.505 

9 

60  Nd 

My 

MxxxNjy.v 

1.180 

8.592 

3 

68  Er 

Mp 

MxyNyx 

1.4430 

10.711 

5 

63  Eu 

Miy 

Abs.  Edge 

1.1575 

8.60 

7 

92  U 

A'i-Piv.v 

1.44 

10.734 

1 

33  As 

Ly 

LxxMx 

1 . 1550 

8.601 

5 

68  Er 

Miv 

Abs.  Edge 

1.4415 

10.750 

7 

63  Eu 

Mp 

MxyNyx 

1 . 1533 

8.629 

4 

75  Re 

M?i 

MyNxxx 

1.4368 

10.828 

5 

31  Ga 

Lxx 

Abs.  Edge 

1 . 1450 

8.646 

1 

34  Se 

Lx  ii 

Abs.  Edge 

1.4340 

10.96 

3 

63  Eu 

Ma 

MyNyx.yxx 

1.131 

8.664 

5 

75  Re 

M$ 2 

MxyNxx 

1.4310 

10.998 

9 

59  Pr 

My 

MxxxNrv.v 

1.1273 

8.7358 

5 

34  Se 

LPi 

LxxMxy 

1.41923 

11.013 

5 

63  Eu 

My 

Abs.  Edge 

1.1258 

8.76 

7 

92  U 

NxPxxx 

1.42 

11.023 

2 

31  Ga 

Lpi 

LxxMxy 

1.1248 

8.773 

1 

32  Ge 

Lx 

Abs.  Edge 

1.4132 

11.072 

1 

33  As 

LI 

LxxxMx 

1.1198 

8.81 

7 

92  U 

NxPn 

1.41 

11.07 

7 

90  Th 

NxxPx 

1.120 

8.82 

1 

68  Er 

Ma 

MyNyx.yxx 

1.406 

11.100 

1 

31  Ga 

Lxxx 

Abs.  Edge 

1.1169 

8.844 

9 

64  Gd 

My 

MxxxNxv.v 

1.402 

11.200 

7 

30  Zn 

LPz.n 

LxMxx, xxi 

1.1070 

8.847 

5 

68  Er 

My 

Abs.  Edge 

1.4013 

11.27 

1 

62  Sm 

Mp 

MxyNyx 

1.0998 

8.90 

2 

73  Ta 

MxvNxxx 

1.393 

11.288 

5 

62  Sm 

Mxy 

Abs.  Edge 

1.0983 

8.929 

1 

33  As 

LPz,  4 

LxMxx.xxx 

1.3884 

11.292 

1 

31  Ga 

Lai, 2 

LxxxMxvy 

1.09792 

8.962 

4 

74  W 

Mix 

MyNxxx 

1.3835 

11.37 

1 

68  Er 

Mi 

MyNxxx 

1.0901 

8.965 

4 

67  Ho 

Mp 

M xvNyx 

1.3830 

11.47 

3 

62  Sm 

Ma 

MyNyx.yxx 

1.081 

8.9900 

5 

34  Se 

Lai, 2 

LxxxMxy.y 

1.37910 

11.53 

1 

58  Ce 

My 

MxxxNrvy 

1.0749 

8.993 

5 

74  W 

Mfr 

MyyNxx 

1.3787 

11.552 

5 

62  Sm 

My 

Abs.  Edge 

1.0732 

9.125 

1 

33  As 

Ln 

Abs.  Edge 

1.3587 

11.56 

5 

90  Th 

NxxOxy 

1.072 

9.20 

2 

67  Ho 

Ma 

MyNyx.yxx 

1.348 

11.569 

1 

11  Na 

K 

Abs.  Edge 

1.07167 

9.211 

9 

63  Eu 

My 

MxxxNxy.y 

1.346 

11.575 

2 

11  Na 

KP 

KM 

1.0711 

9.255 

1 

35  Br 

Lr) 

LxxMx 

1.3396 

11.609 

2 

32  Ge 

Ly 

LxxMx 

1.0680 

9.316 

4 

73  Ta 

M^ 

MyNxxx 

1.3308 

11.862 

1 

30  Zn 

Lxx 

Abs.  Edge 

1.04523 

9.330 

5 

73  Ta 

Mi  2 

MxyNxx 

1.3288 

11.86 

1 

67  Ho 

Mi 

MyN  hi 

1.0450 

9.357 

6 

66  Dy 

Mp 

MxyNyx 

1.3250 

11.9101 

9 

11  Na 

Kai,2 

KLxx.xxx 

1.04098 

9.367 

1 

33  As 

Lux 

Abs.  Edge 

1.3235 

11.965 

2 

32  Ge 

LI 

LxxxMx 

1.0362 

9.40 

7 

90  Th 

NxPxxx 

1.319 

11.983 

3 

30  Zn 

Lpi 

LxxMxy 

1.0347 

9.4141 

8 

33  As 

LPx 

LxxMjv 

1.3170 

12.08 

4 

57  La 

My 

MxuNxy.v 

1.027 

9.44 

7 

90  Th 

NxPxx 

1.313 

12.122 

3 

29  Cu 

LPz,4 

LxMxx.xxx 

1.0228 

9.5122 

1 

12  Mg 

K 

Abs.  Edge 

1.30339 

12.131 

1 

30  Zn 

Lrxx 

Abs.  Edge 

1.02201 

9.517 

5 

31  Ga 

Lx 

Abs.  Edge 

1.3028 

12.254 

3 

30  Zn 

Lai, 2 

LxxxMjyy 

1.0117 

9.521 

2 

12  Mg 

KP 

KM 

1.3022 

12.43 

2 

66  Dy 

Mi 

MyNxxx 

0.998 

9.581 

2 

32  Ge 

LPi 

LxMxxx 

1.2941 

12.44 

2 

60  Nd 

Mp 

MjyNyx 

0.997 

9.585 

1 

35  Br 

LI 

LxxxMx 

1.2935 

12.459 

5 

60  Nd 

Mxy 

Abs.  Edge 

0.9951 

9.59 

2 

66  Dy 

Ma 

MyNy  i,  vil 

1.293 

12.597 

2 

31  Ga 

Ly 

LxxMx 

0.9842 

9.600 

9 

62  Sm 

My 

34iiiAiv,v 

1.291 

12.68 

2 

60  Nd 

Ma 

MyNyx.VXX 

0.978 

9.640 

2 

32  Ge 

LPi 

LxMxx 

1.2861 

12.737 

5 

60  Nd 

My 

Abs.  Edge 

0.9734 

9.6709 

8 

33  As 

La  i,2 

LxxxMxvy 

1.2820 

12.75 

3 

56  Ba 

My 

MxxiNxy.V 

0.973 

9.686 

7 

72  Hf 

Mi2 

MxyNxx 

1.2800 

12.90 

9 

92  U 

NxxiOy 

0.961 

9.686 

7 

72  Hf 

Mix 

MyNxxx 

1.2800 

12.953 

2 

31  Ga 

LI 

LxxxMx 

0.9572 

9.792 

6 

65  Tb 

Mp 

MxyNyx 

1.2661 

12.98 

2 

65  Tb 

Mi 

MyNxxx 

0.955 

9.8900 

2 

12  Mg 

Kax,  2 

KLxx.xxx 

1.25360 

13.014 

1 

29  Cu 

Ln 

Abs.  Edge 

0.95268 

9.924 

1 

32  Ge 

Lxx 

Abs.  Edge 

1.2494 

13.053 

3 

29  Cu 

Lpi 

LxxMxy 

0.9498 

9.962 

1 

34  Se 

Ly 

LxxMx 

1.2446 

13.06 

2 

59  Pr 

Mp 

MjyNyx 

0.950 

10.00 

2 

65  Tb 

Ma 

MyNyx.yxx 

1.240 

10.31 

1 

30  Zn 

Lx 

Abs.  Edge 

1.197 

10.09 

7 

92  U 

NiOixx 

1.229 

13.122 

5 

59  Pr 

Mxy 

Abs.  Edge 

0.9448 

10.175 

1 

32  Ge 

Lpi 

LuMxy 

1.2185 

13.18 

2 

28  Ni 

Lpz.4 

LxMxx.xxx 

0.941 

10.187 

1 

32  Ge 

Lxxi 

Abs.  Edge 

1.2170 

13.288 

1 

29  Cu 

Lxu 

Abs.  Edge 

0.93306 
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Table  VI  ( Continued ) 


Wavelength 

A*  p.e. 

Element 

Designation 

keV 

Wavelength 

A*  p.e. 

Element 

Designation 

keV 

13.30 

6 

83  Bi 

TViLii.iii 

0.932 

18.8 

2 

47  Ag 

MiNu.iii 

0.658 

13.336 

3 

29  Cu 

Lai,  2 

LiuMrv.v 

0.9297 

18.96 

4 

24  Cr 

L/3  3,4 

LiMu.iii 

0.654 

13.343 

5 

59  Pr 

Ma 

MyTVvi.VII 

0.9292 

19.11 

2 

25  Mn 

L/3, 

LiiMiv 

0.6488 

13.394 

5 

59  Pr 

My 

Abs.  Edge 

0.9257 

19.1 

1 

52  Te 

MiniVi 

0.648 

13.57 

2 

64  Gd 

Mr 

MyN  hi 

0.914 

19.40 

7 

48  Cd 

M uNiv 

0.639 

13.68 

2 

30  Zn 

Li 7 

LuMi 

0.906 

19.44 

5 

57  La 

Mr 

MyN  in 

0.638 

13.75 

4 

58  Ce 

M/3 

MivAtvi 

0.902 

19.45 

1 

25  Mn 

La  1,2 

LiiiMiv.v 

0.6374 

13.8 

1 

90  Th 

NmOv 

0.897 

19.66 

5 

53  I 

Miv.y 

Abs.  Edge 

0.631 

14.02 

2 

30  Zn 

LI 

LmMi 

0.884 

19.75 

4 

26  Fe 

Lv 

LuMi 

0.628 

14.04 

2 

58  Ce 

Ma 

MvAvi.vn 

0.883 

20.0 

1 

50  Sn 

MnNi 

0.619 

14.22 

2 

63  Eu 

Mr 

MyN  hi 

0.872 

20.1 

2 

46  Pd 

A/Wiliii 

0.616 

14.242 

5 

28  Ni 

Ln 

Abs.  Edge 

0.8706 

20.15 

1 

26  Fe 

Ll 

LmMi 

0.6152 

14.271 

6 

28  Ni 

L[ 3i 

LiiMiv 

0.8688 

20.2 

1 

51  Sb 

M iuNi 

0.612 

14.3018 

1 

10  Ne 

K 

Abs.  Edge 

0.866889 

20.47 

7 

48  Cd 

My 

MuiNry.y 

0.606 

14.31 

3 

27  Co 

L/ 33,4 

LiMu.iii 

0.870 

20.64 

4 

56  Ba 

Mr 

MyN m 

0.601 

14.39 

5 

58  Ce 

AfvOii.m 

0.862 

20.66 

7 

47  Ag 

MnNsy 

0.600 

14.452 

5 

10  Ne 

K(J 

KM 

0.8579 

20.7 

1 

24  Cr 

Lm 

Abs.  Edge 

0.598 

14.51 

5 

57  La 

M/3 

MiyNyi 

0.854 

21.19 

5 

23  Va 

L/?3, 4 

LiMu.iii 

0.585 

14.525 

5 

28  Ni 

Lm 

Abs.  Edge 

0.8536 

21.27 

1 

24  Cr 

L/S 1 

LuMrv 

0.5828 

14.561 

3 

28  Ni 

Lai  ,2 

LiiiMiv.v 

0.8515 

21.34 

5 

52  Te 

AfrvOu.ui 

0.581 

14.610 

3 

10  Ne 

LTa.,2 

-KLn.iii 

0.8486 

21.5 

1 

50  Sn 

MmiVi 

0.575 

14.88 

5 

57  La 

Ma 

MyiVvi.VII 

0.833 

21.64 

3 

24  Cr 

Lai, 2 

LiiiMiv.v 

0.5728 

14.90 

2 

29  Cu 

Lv 

LuMi 

0.832 

21.78 

5 

52  Te 

MyOui 

0.569 

14.91 

4 

62  Sm 

Mr 

MyN  in 

0.831 

21.82 

7 

47  Ag 

My 

MmiViv.v 

0.568 

15.286 

9 

29  Cu 

Ll 

LmMi 

0.8111 

21.85 

2 

25  Mn 

Lv 

LuMi 

0.5675 

15.56 

1 

56  Ba 

Miv 

Abs.  Edge 

0.7967 

22.1 

1 

46  Pd 

M ii  A7iv 

0.560 

15.618 

5 

27  Co 

Lu 

Abs.  Edge 

0.7938 

22.29 

1 

25  Mn 

Ll 

LmMi 

0.5563 

15.65 

4 

26  Fe 

L/33,4 

LiMii.m 

0.792 

22.9 

2 

48  Cd 

MnNi 

0.540 

15.666 

8 

27  Co 

L/3i 

LiiMiv 

0.7914 

23.32 

1 

8 O 

K 

Abs.  Edge 

0.5317 

15.72 

9 

56  Ba 

MiyOui 

0.789 

23.3 

1 

46  Pd 

My 

-MiuA'rv.v 

0.531 

15.89 

1 

56  Ba 

Mv 

Abs.  Edge 

0.7801 

23.62 

3 

8 O 

Ka 

KL 

0.5249 

15.91 

5 

56  Ba 

MiyOn 

0.779 

23.88 

4 

23  Va 

L/3, 

LiiMiv 

0.5192 

15.915 

5 

27  Co 

Lm 

Abs.  Edge 

0.7790 

24.25 

3 

23  Va 

La  i,2 

LiuMrv.v 

0.5113 

15.93 

4 

52  Te 

My 

-flLniArv.v 

0.778 

24.28 

5 

50  Sn 

Miv.v 

Abs.  Edge 

0.511 

15.972 

6 

27  Co 

La\ ,2 

LiiiMiv.v 

0.7762 

24.30 

3 

24  Cr 

Lv 

LuMj 

0.5102 

15.98 

5 

51  Sb 

MnNiy 

0.776 

24.4 

2 

47  Ag 

MyA^ 

0.509 

16.20 

5 

56  Ba 

MyOui 

0.765 

24.5 

1 

48  Cd 

MuiA/i 

0.507 

.16.27 

3 

28  Ni 

Lrt 

LuMi 

0.762 

24.78 

1 

24  Cr 

Ll 

LmMi 

0.5003 

16.46 

4 

60  Nd 

Mr 

MyN  in 

0.753 

25.01 

9 

45  Rh 

My 

M lllNiyy 

0.496 

16.693 

9 

28  Ni 

Ll 

LmMi 

0.7427 

25.3 

1 

50  Sn 

AFrvOu.iu 

0.491 

16.7 

1 

24  Cr 

Li 

Abs.  Edge 

0.741 

25.50 

9 

44  Ru 

MuA'iv 

0.486 

16.92 

4 

51  Sb 

My 

MniNiv.y 

0.733 

25.7 

1 

50  Sn 

MvOm 

0.483 

16.93 

5 

50  Sn 

MiiWiv 

0.733 

26.0 

1 

47  Ag 

M uiAi 

0.478 

17.19 

4 

25  Mn 

L/3  3,4 

LiMii,iii 

0.721 

26.2 

2 

46  Pd 

M uA'i 

0.474 

17.202 

5 

26  Fe 

Ln 

Abs.  Edge 

0.7208 

26.72 

9 

52  Te 

Mr 

Miv  ,v  Ah,  hi 

0.464 

17.26 

1 

26  Fe 

L/3, 

L\\M  iv 

0.7185 

26.9 

1 

44  Ru 

My 

MmNiyy 

0.462 

17.38 

4 

59  Pr 

Mr 

MyN  in 

0.714 

27.05 

2 

22  Ti 

L/3, 

LuMrv 

0.4584 

17.525 

5 

26  Fe 

Lm 

Abs.  Edge 

0.7074 

27.29 

1 

22  Ti 

Lii.iii 

Abs.  Edge 

0.4544 

17.59 

2 

26  Fe 

Lai, 2 

LiiiMiv.v 

0.7050 

27.34 

3 

23  Va 

Lv 

LuMi 

0.4535 

17.6 

1 

52  Te 

MuNi 

0.703 

27.42 

2 

22  Ti 

La  i,2 

LuiM  rv,v 

0.4522 

17.87 

3 

27  Co 

L»7 

LuMi 

0.694 

27.77 

1 

23  Va 

Ll 

LmMi 

0.4465 

17.94 

5 

50  Sn 

My 

MiuNxv.v 

0.691 

27.9 

1 

46  Pd 

MmAi 

0.445 

17.9 

1 

24  Cr 

Li  i 

Abs.  Edge 

0.691 

28.1 

2 

45  Rh 

MnAi 

0.442 

18.292 

8 

27  Co 

L/ 

LiuM  i 

0.6778 

28.13 

5 

48  Cd 

Miyy 

Abs.  Edge 

0.4408 

18.32 

2 

9 F 

Aa 

KL 

0.6768 

28.88 

8 

51  Sb 

Mr 

A/iv.vAn.iii 

0.429 

18.35 

4 

58  Ce 

Mr 

MyN  in 

0.676 

29.8 

1 

45  Rh 

M uiAi 

0.417 

18.8 

1 

51  Sb 

MuNi 

0.658 

30.4 

1 

48  Cd 

MrvOu.ui 

0.408 
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Table  VI  (Continued) 


Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

Wavelength 

A* 

p.e. 

Element 

Designation 

keV 

30.8 

1 

48  Cd 

MyOiu 

0.403 

49.4 

1 

79  Au 

YvYvi.vii 

0.2510 

30.82 

5 

47  Ag 

Mi\ 

Abs.  Edge 

0.4022 

49.5 

1 

90  Th 

NyiOiy 

0.2505 

30.89 

3 

22  Ti 

Lr\ 

LnMi 

0.4013 

50.0 

1 

90  Th 

NynOy 

0.2479 

30.99 

1 

7 N 

K 

Abs.  Edge 

0.4000 

50.2 

1 

77  Ir 

NiyNyi 

0.2470 

31.02 

2 

21  Sc 

Lfii 

L\\M  iy 

0.3996 

50.3 

1 

52  Te 

MmMy 

0.2465 

31.14 

5 

47  Ag 

My 

Abs.  Edge 

0.3981 

50.9 

1 

78  Pt 

NyNy  i,  vil 

0.2436 

31.24 

9 

50  Sn 

Ml; 

-Mrv.vAn.in 

0.397 

51.3 

1 

38  Sr 

MuNi 

0.2416 

31.35 

3 

21  Sc 

Lai  ,2 

AhiMiv.v 

0.3954 

51.9 

1 

76  Os 

NiyNyi 

0.2388 

31.36 

2 

22  Ti 

LI 

LmMi 

0.3953 

52.0 

2 

48  Cd 

MnM iy 

0.2384 

31.60 

4 

7 N 

Ka 

KL 

0.3924 

52.2 

1 

51  Sb 

M niMy 

0.2375 

31.8 

1 

92  U 

NiyNyi 

0.390 

52.34 

7 

44  Ru 

MS 

Miy,yNu,in 

0.2369 

32.3 

2 

44  Ru 

MuNi 

0.384 

52.8 

1 

77  Ir 

NyNyiyn 

0.2348 

33.1 

2 

41  Nb 

MuNiv 

0.375 

53.6 

1 

38  Sr 

MmNi 

0.2313 

33.5 

3 

47  Ag 

Mzy,yOn,in 

0.370 

54.0 

2 

74  W 

NnNiy 

0.2295 

33.57 

9 

90  Th 

N iv  Av  I 

0.3693 

54.0 

1 

47  Ag 

MuMiy 

0.2295 

34.8 

1 

92  U 

YvYvi.vii 

0.357 

54.2 

1 

50  Sn 

MmMy 

0.2287 

34.9 

2 

41  Nb 

My 

■flAniArv.v 

0.356 

54.7 

2 

76  Os 

NyNyiyn 

0.2266 

35.13 

2 

21  Sc 

Li ? 

LnMi 

0.3529 

54.8 

2 

42  Mo 

MiwyOn.m 

0.2262 

35.13 

1 

20  Ca 

Ln 

Abs.  Edge 

0.3529 

55.8 

1 

74  W 

NiyNyi 

0.2221 

35.3 

3 

42  Mo 

MuNi 

0.351 

55.9 

1 

18  A 

Lv 

LnMi 

0.2217 

35.49 

1 

20  Ca 

Lm 

Abs.  Edge 

0.34931 

56.3 

1 

18  A 

LI 

LmMi 

0.2201 

35.59 

3 

21  Sc 

LI 

LmMi 

0.3483 

56.5 

1 

46  Pd 

MnM  iy 

0.2194 

35.63 

1 

20  Ca 

An,  hi 

Abs.  Edge 

0.34793 

57.0 

2 

37  Rb 

MnNi 

0.2174 

35.94 

2 

20  Ca 

Lpi 

LuMiy 

0.3449 

58.2 

1 

73  Ta 

NiyNyi 

0.2130 

36.32 

9 

90  Th 

NyNy  i,  vil 

0.3414 

58.4 

1 

74  W 

NyNyn 

0.2122 

36.33 

2 

20  Ca 

Lai,  2 

Ani3Aiv,v 

0.3413 

58.7 

2 

48  Cd 

MmMy 

0.2111 

36.8 

1 

48  Cd 

MS 

AArv.vAn.ni 

0.3371 

59.3 

1 

45  Rh 

MnM  iy 

0.2090 

37.4 

2 

46  Pd 

M\y,yO\\,\ii 

0.332 

59.5 

3 

74  W 

NyNyi 

0.208 

37.5 

2 

42  Mo 

MmNi 

0.331 

59.5 

2 

37  Rb 

MmNi 

0.2083 

38.4 

3 

41  Nb 

MnNi 

0.323 

60.5 

1 

47  Ag 

MmMy 

0.2048 

39.77 

7 

47  Ag 

MS 

Miy,yNn,i\i 

0.3117 

61.1 

2 

73  Ta 

NyNy  i,  vil 

0.2028 

40.46 

2 

20  Ca 

Lv 

LnMi 

0.3064 

61.9 

2 

41  Nb 

^iv,vOii,iii 

0.2002 

40.7 

2 

41  Nb 

M\i\Ki 

0.305 

62.2 

1 

44  Ru 

MuMiy 

0.1992 

40.9 

2 

45  Rh 

3Aiv.vOn,ni 

0.303 

62.9 

1 

46  Pd 

MmMy 

0.1970 

40.96 

2 

20  Ca 

LI 

LmMi 

0.3027 

63.0 

5 

71  Lu 

NyvNyi 

0.197 

42.1 

2 

92  U 

Ky\  Oy 

0.295 

64.38 

7 

42  Mo 

MS 

MivyNn.in 

0.1926 

42.1 

1 

19  K 

An, hi 

Abs.  Edge 

0.2946 

65.1 

7 

70  Yb 

NiyNyi 

0.190 

42.3 

2 

82  Pb 

NiyNyi 

0.293 

65.5 

1 

45  Rh 

M hi  My 

0.1892 

43.3 

2 

92  U 

NyiOiy 

0.286 

65.7 

2 

71  Lu 

NyNyiyn 

0.1886 

43.6 

1 

46  Pd 

MS 

Miy,yNn,iu 

0.2844 

67.33 

9 

• 17  Cl 

Lv 

LnMi 

0.1841 

43.68 

1 

6 C 

K 

Abs.  Edge 

0.28384 

67.6 

3 

5 B 

Ka 

KL 

0.1833 

44.7 

3 

6 C 

Ka 

KL 

0.277 

67.90 

9 

17  Cl 

LI 

LmMi 

0.1826 

44.8 

1 

44  Ru 

Miy,yOii,in 

0.2768 

68.2 

3 

90  Th 

OmPrvy 

0.1817 

45.0 

1 

82  Pb 

NyNy  i,  vil 

0.2756 

68.3 

1 

44  Ru 

MmMy 

0.1814 

45.2 

3 

80  Hg 

NiyNyi 

0.274 

68.9 

2 

42  Mo 

MnM  iv 

0.1798 

45.2 

1 

51  Sb 

MnM  iv 

0.2743 

69.3 

5 

70  Yb 

YvYvi.vii 

0.179 

46.48 

9 

39  Y 

MuNi 

0.267 

70.0 

4 

40  Zr 

3/iv,v<9n,ni 

0.177 

46.5 

2 

81  TI 

NyNyiyn 

0.267 

72.1 

3 

41  Nb 

MnM  iy 

0.1718 

46.8 

2 

79  Au 

NiyNyi 

0.265 

72.19 

9 

41  Nb 

MS 

MxvyNn,  in 

0.1717 

47.24 

2 

19  K 

LI 

LnMi 

0.2625 

72.7 

9 

68  Er 

NiyNyi 

0.171 

47.3 

1 

50  Sn 

MuMiy 

0.2621 

74.9 

1 

42  Mo 

MmMy 

0.1656 

47.67 

9 

45  Rh 

MS 

MiyyNn.ui 

0.2601 

76.3 

7 

68  Er 

NyNyiyn 

0.163 

47.74 

1 

19  K 

LI 

LmMi 

0.25971 

76.7 

2 

40  Zr 

MuMiy 

0.1617 

47.9 

3 

80  Hg 

NyNy  i,  vi  I 

0.259 

76.9 

2 

35  Br 

MnNi 

0.1613 

48.1 

2 

78  Pt 

NiyNyi 

0.258 

78.4 

2 

41  Nb 

MmMy 

0.1582 

48.2 

1 

90  Th 

NyiOy 

0.2572 

79.8 

3 

35  Br 

MmNi 

0.1554 

48.5 

2 

39  Y 

MmNi 

0.256 

80.9 

3 

40  Zr 

MmMy 

0.1533 
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Table  VI  ( Continued ) 


Wavelength 

A*  p.e. 

Element 

Designation 

keV 

Wavelength 

A*  p.e. 

Element 

Designation 

keV 

81.5 

2 

39  Y 

MnMiv 

0.1522 

157. 

3 

30  Zn 

Mu.iiiMiv.v 

0.079 

82.1 

2 

40  Zr 

Mr 

Mrv.vAn.ni 

0.1511 

159.0 

2 

56  Ba 

AivOiii 

0.07796 

83. 

1 

66  Dy 

Arv.vAvi.vn 

0.149 

159.5 

5 

29  Cu 

Mu 

Abs.  Edge 

0.0777 

83.4 

3 

16  S 

Ll,  7) 

Lii.iiiMj 

0.1487 

163.3 

2 

56  Ba 

ArvOu 

0.07590 

85.7 

2 

38  Sr 

MuMrv 

0.1447 

164.6 

2 

56  Ba 

AyOiu 

0.07530 

86. 

1 

65  Tb 

Arv,vAVi,vn 

0.144 

164.7 

3 

35  Br 

MiMui 

0.0753 

86.5 

2 

39  Y 

MmMiv.v 

0.1434 

166.0 

5 

29  Cu 

Mm 

Abs.  Edge 

0.0747 

91.4 

2 

38  Sr 

MmMrv.v 

0.1357 

170.4 

1 

13  A1 

Lii.iii 

Abs.  Edge 

0.07278 

91.5 

2 

37  Rb 

MuMrv 

0.1355 

171.4 

5 

13  A1 

Lii.mM 

0.0724 

91.6 

1 

83  Bi 

-VviOiv 

0.1354 

173. 

3 

29  Cu 

Mu.iiiMiv.v 

0.072 

93.2 

1 

83  Bi 

AviiOv 

0.1330 

181. 

5 

90  Th 

Orv,\K?ii,in 

0.068 

93.4 

2 

39  Y 

Mr 

Miv.vAn.iii 

0.1328 

183.8 

1 

55  Cs 

ArvOiu 

0.06746 

94. 

1 

15  P 

Lii.iii 

Abs.  Edge 

0.132 

184.6 

3 

35  Br 

MiMu 

0.0672 

96.7 

2 

37  Rb 

MxnMrv.v 

0.1282 

188.4 

1 

28  Ni 

Mm 

Abs.  Edge 

0.06581 

97.2 

8 

66  Dy 

Arv,vOii,in 

0.128 

188.6 

1 

55  Cs 

ArvOu 

0.06574 

98. 

1 

62  Sm 

-Viv.v-Vvi.vii 

0.126 

189.5 

3 

35  Br 

MrvAm 

0.0654 

100.2 

2 

82  Pb 

N\iO\ 

0.1237 

190.3 

1 

55  Cs 

AyOm 

0.06515 

102.2 

4 

65  Tb 

Arv.vOn.iu 

0.1213 

190. 

2 

28  Ni 

Mu.iiiMiv.v 

0.0651 

102.4 

1 

82  Pb 

TVviOiv 

0.1211 

191.1 

2 

35  Br 

Mr2 

MivAu 

0.06488 

103.8 

4 

15  P 

Lii.inM 

0.1194 

192.6 

2 

35  Br 

Mr, 

MVA  in 

0.06437 

104.3 

1 

82  Pb 

A7vnOv 

0.1189 

197.3 

1 

12  Mg 

Li 

Abs.  Edge 

0.06284 

107. 

1 

60  Nd 

Arv.vAvi.vn 

0.116 

202. 

5 

27  Co 

Mu, hi 

Abs.  Edge 

0.061 

108.0 

2 

38  Sr 

Mr2 

MrWVn.m 

0.1148 

203. 

1 

16  S 

LiLu.ia 

0.061 

108.7 

1 

38  Sr 

Mr, 

My  Am 

0.1140 

214. 

6 

27  Co 

Mu.uiMrv.v 

0.058 

109.4 

3 

35  Br 

MuMrv 

0.1133 

224. 

1 

53  I 

A’rv.v 

Abs.  Edge 

0.0552 

110.6 

5 

29  Cu 

Mj 

Abs.  Edge 

0.1121 

226.5 

1 

3 Li 

K 

Abs.  Edge 

0.05475 

111. 

1 

4 Be 

K 

Abs.  Edge 

0.111 

227.8 

1 

34  Se 

My 

Abs.  Edge 

0.05443 

112.0 

6 

63  Eu 

Arv.vOu.m 

0.1107 

228. 

1 

3 Li 

Ka 

KL 

0.0543 

113.0 

1 

81  T1 

AyiOv 

0.10968 

230. 

2 

34  Se 

MyAui 

0.0538 

113. 

1 

59  Pr 

A xv.vAvi.vii 

0.1095 

230. 

1 

26  Fe 

Mu, hi 

Abs.  Edge 

0.0538 

113.8 

3 

35  Br 

MuiMiv.v 

0.1089 

243. 

5 

26  Fe 

Mu.iiiMiv.v 

0.051 

114. 

1 

4 Be 

Ka 

KL 

0.1085 

249.3 

1 

12  Mg 

Ln 

Abs.  Edge 

0.04973 

115.3 

2 

81  T1 

AviOrv 

0.1075 

250.7 

1 

12  Mg 

L\n 

Abs.  Edge 

0.04945 

117.4 

4 

62  Sm 

Arv.vOii.m 

0.1056 

251.5 

5 

12  Mg 

Lii.iiiM 

0.04929 

117.7 

1 

81  T1 

AvnDv 

0.10530 

273. 

6 

25  Mn 

Mu.iiiMiv.v 

0.045 

123. 

1 

14  Si 

Lu.m 

Abs.  Edge 

0.1006 

290. 

1 

13  A1 

LiLiiiii 

0.0428 

126.8 

2 

37  Rb 

MrvAxu 

0.0978 

309. 

9 

24  Cr 

Mu.iiiMiv.v 

0.040 

127.8 

2 

37  Rb 

Mr2 

MrvAu 

0.0970 

317. 

1 

12  Mg 

LiLii.iii 

0.0392 

128.7 

2 

37  Rb 

Mr, 

MVA  in 

0.0964 

337. 

9 

23  V 

MuuiMiv.v 

0.0368 

128.9 

7 

60  Nd 

Aiv.vOii.iii 

0.0962 

376. 

1 

11  Na 

LiLnui 

0.03299 

135.5 

4 

14  Si 

Lii.iiiM 

0.0915 

399. 

5 

35  Br 

Ai 

Abs.  Edge 

0.0311 

136.5 

4 

59  Pr 

Arv.vOn.iu 

0.0908 

405. 

5 

11  Na 

Lu.m 

Abs.  Edge 

0.0306 

137.0 

5 

30  Zn 

Mu 

Abs.  Edge 

0.0905 

407.1 

5 

11  Na 

Lii.niM 

0.03045 

142.5 

1 

13  A1 

Li 

Abs.  Edge 

0.08701 

417. 

5 

17  Cl 

Mi 

Abs.  Edge 

0.0297 

143.9 

5 

30  Zn 

Mm 

Abs.  Edge 

0.0862 

444. 

5 

53  I 

Oi 

Abs.  Edge 

0.0279 

144.4 

6 

58  Ce 

Arv.vOii.iii 

0.0859 

525. 

9 

20  Ca 

Mu.iiiAi 

0.0236 

144.4 

3 

37  Rb 

MiMiu 

0.0859 

692. 

9 

19  K 

Mu.  hi  Ai 

0.0179 

152.6 

6 

57  La 

Aiv.vOu.iu 

0.0812 
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W Kai  = 0.2090100  A*)  and  the  probable  errors  in  the 
third  column,  which  apply  to  the  last  listed  figure,  are 
based  on  the  error  in  the  wavelength  relative  to  the 
W Ka\  line.  The  probable  error  on  an  absolute  scale 
(angstroms)  can  be  easily  calculated  by  converting 
the  listed  error  into  parts  per  million  and  adding 
statistically  an  error  of  five  ppm  which  is  due  to  the 
uncertainty  in  the  wavelength  of  the  primary  W Ka \ 
standard.  In  more  than  98%  of  the  listed  wavelengths, 
the  errors  shown  in  the  third  column  are  so  large  that  the 
added  error  due  to  the  primary  standard  is  insignifi- 
cant. The  energy  of  the  lines  in  keV  (FX=  12398. 10± 
0.13  eV  - A*)  are  shown  in  column  four.  This  probable 
error  includes  that  of  the  primary  wavelength  standard, 
and  hence  this  ten  ppm  error  combined  with  that  in 
the  last  figure  in  the  wavelength  values  yields  the 
absolute  probable  errors  in  the  keV  energy  values. 
The  values  for  a second  element  are  likewise  shown  in 
columns  five,  six,  and  seven.  Data  for  other  elements 
follow  in  a similar  format. 

In  the  study  of  the  x-ray  literature,  the  wavelengths 
of  a number  of  lines  were  noted  which  appeared  in- 
consistent with  the  remaining  data.  A Moseley-type 
diagram  was  constructed,  and  if  the  value  was  clearly 
outside  estimated  probable  error,  it  was  assumed  that 
an  experimental  or  typographical  error  had  occurred, 
and  the  interpolated  value  was  listed  in  the  table. 
Such  cases  are  marked  with  a daggerf  as  a superscript 
to  the  wavelength.  For  elements  of  atomic  number 
85  through  89  and  91,  there  are  no  measured  lines  of 
the  K series  and  very  few  of  other  series  except  for 
88  radium  and  91  protactinium.  Likewise  there  are 
very  few  measurements  for  43  technetium  and  54 
xenon.  In  these  cases,  interpolated  values  are  listed 
for  the  more  prominent  lines  and  marked  with  a 
dagger  f.  More  recent  measurements46  of  the  L lines  of 

46  G.  D.  Deodhar  and  R.  C.  Karnatak,  J.  Sci.  Ind.  Res.  15B, 
615  (1956). 


61  samarium  have  been  brought  to  our  attention. 
Since  these  appear  to  be  substantially  more  accurate 
than  all  the  L data  previously  used  for  samarium12, 
they  are  listed  in  Tables  V and  VI  (corrected  to  A* 
units)  in  place  of  the  former  values.  A few  misprints 
and  incorrect  line  designations,  discussed  in  the  ap- 
pendices of  Ref.  12  of  the  succeeding  paper,  have  been 
corrected  in  Tables  V and  VI. 

For  the  convenience  of  those  interested  in  x-ray 
chemical  analysis  and  nuclear  conversion  problems,  the 
x-ray  wavelengths  of  both  the  emission  lines  and 
absorption  edges  are  listed  in  numerical  order  in  Table 
VI.  The  wavelengths  are  given  in  A*  units,  together 
with  their  energy  equivalents  in  keV.  The  probable 
error  applies  to  the  last  wavelength  figure.  The  inter- 
polated lines  and  edges  have  not  been  marked  by  a 
dagger  f in  this  table. 
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Reevaluation  of  X-Ray  Atomic  Energy  Levels 

J.  A.  BEARDEN,  A.  F.  BURR* 

The  Johns  Hopkins  University,  Baltimore,  Maryland 

All  of  the  x-ray  emission  wavelengths  have  recently  been  reevaluated  and  placed  on  a consistent  A*  scale.  For  most 
elements  these  data  give  a highly  overdetermined  set  of  equations  for  energy  level  differences,  which  have  been  solved  by 
least-squares  adjustment  for  each  case.  This  procedure  makes  “best”  use  of  all  x-ray  wavelength  data,  and  also  permits 
calculation  of  the  probable  error  for  each  energy  difference.  Photoelectron  measurements  of  absolute  energy  levels  are 
more  precise  than  x-ray  absorption  edge  data.  These  have  been  used  to  establish  the  absolute  scale  for  eighty-one  elements 
and,  in  many  cases,  to  provide  additional  energy  level  difference  data.  The  x-ray  absorption  wavelengths  were  used  for 
eight  elements  and  ionization  measurements  for  two;  the  remaining  five  were  interpolated  by  a Moseley  diagram  involving 
the  output  values  of  energy  levels  from  adjacent  elements.  Probable  errors  are  listed  on  an  absolute  energy  basis.  In  the 
original  source  of  the  present  data,  a table  of  energy  levels  in  Rydberg  units  is  given.  Difference  tables  in  volts,  Rydbergs, 
and  milli-A*  wavelength  units,  with  the  respective  probable  errors,  are  also  included  there. 
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INTRODUCTION 

Manne  Siegbahn1'* 1 2  developed  the  first  extensive 
evaluation  of  atomic  energy  levels  from  x-ray  absorp- 
tion edges  and  emission  lines.  The  energy  of  the  well- 
defined  Lxu  absorption  edge  was  chosen  as  the  funda- 
mental reference  level  for  most  of  the  periodic  system; 
K edges  were  used  for  the  lower  atomic  numbers.  Other 
levels  of  each  element  were  determined  from  the 
wavelengths  of  the  emission  lines  as  suggested  by 
Idei.3 * * 

As  improved  x-ray  data  have  become  available, 
several  reviews  have  appeared.4-9  Different  energy 
units  have  been  used  to  facilitate  use  by  special  groups. 
Cauchois6’7 8  improved  the  consistency  of  the  rare-earth 
evaluations  by  a series  of  controlled  absorption  meas- 
urements. Theoretical  calculations  of  many  param- 
eters often  require  ionization  energies.  Slater9  has 


* Present  address:  Physics  Department,  New  Mexico  State 
University,  University  Park,  N.M.  88070. 

1 M.  Siegbahn,  Spektroskopie  der  Rontgenstrahlen  (Julius 
Springer-Verlag,  Berlin,  1931). 

2 D.  L.  Webster,  W.  W.  Nicholas,  and  M.  Siegbahn,  Inter- 
national Critical  Tables,  E.  W.  Washburn,  Ed.  (McGraw-Hill 
Book  Co.,  Inc.,  New  York,  1929),  Vol.  6,  p.35. 

3 S.  Idei,  Sci.  Rept.  Tohoku  Univ.  19,  641  (1930). 
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7 Y.  Cauchois,  J.  Phys.  Radium  16,  253  (1955). 

8 A.  E.  Sandstrom,  Encylopedia  of  Physics,  S.  Fliigge,  Ed. 

(Springer-Verlag,  Berlin,  1957),  Vol.  30,  p.  78. 
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calculated  these  for  all  atomic  numbers  less  than  42. 
For  the  outer  electrons  he  used  optical  data,  for  the 
inner  electrons,  x-ray  data. 

Magnetic  spectrometer10  measurements  of  the  kinetic 
energy  of  photoelectrons  released  by  irradiation  with 
x rays  of  known  wavelength  furnish  a method  for 
direct  measurement  of  energy  levels.  Recently  Kai 
Siegbahn11  and  co-workers  have  used  a high-precision 
iron-free  spectrometer  to  determine  energy  levels  di- 
rectly from  x-ray  photoelectron  measurements.  For 
elements  where  photoelectron  values  are  not  available 
and  x-ray  absorption  edge  values  existed,  the  latter 
are  used  to  help  complete  the  table;  in  other  instances, 
interpolated  or  extrapolated  values  are  listed.  All  values 
are  given  to  the  nearest  eV. 

X-ray  emission  wavelengths  provide  accurate  data 
for  evaluating  the  atomic  energy  levels  on  a relative 
scale,3  but  only  recently12  has  full  advantage  been 
taken  of  all  the  information  available.  The  number  of 
available  lines  is  usually  considerably  greater  than  the 
number  of  energy  levels  involved.  For  such  problems, 
which  yield  an  overdetermined  set  of  linear  equations, 
the  method  of  least  squares  furnishes  a convenient  and 
consistent  means  of  obtaining  “best”  values  and  also 
probable  errors  for  each  of  the  values.  Recently  re- 
evaluated wavelengths13  of  the  x-ray  emission  lines 
provide  most  of  the  input  data.  In  place  of  the  x-ray 
absorption  edge  values,  previously  used  to  establish 
the  absolute  scale,  photoelectron  measurements  are 
substituted,  wherever  available. 


10  H.  R.  Robinson,  J.  P.  Andrews,  and  E.  J.  Irons,  Proc.  Roy. 
Soc.  (London)  A143,  48  (1933);  H.  R.  Robinson:  Proc.  Phys. 
Soc.  (London)  46,  693  (1934);  Phil.  Mag.  18,  1086  (1934); 
also  see  Kretschmar,  Phys.  Rev.  43,  417  (1933). 

11  S.  Hagstrom,  C.  Nordling,  and  K.  Siegbahn,  Alpha-,  Beta-, 
and  Gamma-Ray  Spectroscopy,  K.  Siegbahn,  Ed.  (North-Holland 
Publ  Co.,  Amsterdam,  1965),  Vol.  1,  p.  845. 

12  J.  A.  Bearden  and  A.  F.  Burr,  Atomic  Energy  Levels,  NYO 
2543-1  (Federal  Sci.  and  Tech.  Inf.,  U.S.  Dept,  of  Commerce, 
Springfield,  Va.  122151). 

13  J.  A.  Bearden,  Rev.  Mod.  Phys.  39,  78  (1967),  preceding 
article.  J.  A.  Bearden,  X-Ray  Wavelengths,  NYO  10586  (Federal 
Sci.  and  Tech.  Inf.,  U.S.  Dept,  of  Commerce,  Springfield,  Va. 
122151). 
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Fig.  1.  Schematic  of  the  principles  involved  in  evaluating 
atomic  energy  levels. 


METHODS  OF  EVALUATING  ENERGY  LEVELS 

The  principles  involved  in  evaluating  atomic  energy 
levels  are  shown  schematically  in  Fig.  1.  The  energy  of 
a Kai  emission  photon  is  just  the  difference  between 
the  K and  Lui  levels;  similarly  the  Ka2  corresponds  to 
that  difference  between  K and  Lu.  Usually  the  energy 
difference  between  a pair  of  levels  can  be  obtained  in 
two  or  more  ways.  For  example,  the  difference  between 
Lu  and  LUi  can  be  evaluated  from  Kai—Ka2  (ex- 
pressed in  energy  units).  Alternatively  it  can  be 
found  from  L^—La2,  which  represent  the  Z-nMiv  and 
Z-hiMiv  transitions,  respectively  (omitted  from  Fig.  1 
in  the  interest  of  simplicity).  In  the  case  of  thorium, 
ninety-nine  equations  (including  sixteen  photoelec- 
tron measurements  as  discussed  below)  can  be  set  up 
with  only  twenty-five  unknown  levels.  A least-squares 
solution  of  this  set  yields  the  desired  energy  levels. 

In  order  to  determine  these  values  on  an  absolute 
scale,  the  energy  required  to  raise  an  electron  from  at 
least  one  energy  state  to  the  Fermi  level  energy  (zero) 
must  be  included  among  the  input  data.  In  the  center 
of  Fig.  la  K and  an  Liu  absorption  edge  are  indicated; 
experimental  measurements  of  these  edges  give  (ap- 
proximately) the  energy  difference  between  the  Fermi 
level  and  the  K and  Lux  states,  respectively.  The 
theoretical  corrections  that  must  be  made  to  these 
values  for  fine  structure  effects  in  the  edges  (due  to 
differing  transition  probabilities  and  other  causes) 
constitutes  the  principal  uncertainty8'14  in  the  use  of 
present  x-ray  absorption  edge  measurements. 

The  photoelectron  method  measures  the  energy  of 
various  states  relative  to  the  Fermi  level.  In  this  case 
the  incident  photon  (usually  originating  from  an  x-ray 
spectral  line)  has  an  energy  hv,  normally  much  larger 

14  L.  G.  Parratt,  Rev.  Mod.  Phys.  31,  616  (1959). 


than  that  of  the  energy  level  under  study.  If,  for 
example,  the  photoelectron  comes  from  the  K level, 
it  emerges  with  an  energy  {hv— Ek)  . To  determine  the 
exact  kinetic  energy,  a work  function  correction  is 
required.  This  is  more  amenable  to  analysis15  than  the 
corrections  to  x-ray  absorption  measurements.  This 
fact  constitutes  a major  advantage  of  this  method. 
This  procedure  is  discussed  in  a later  section. 

EXPERIMENTAL  MEASUREMENTS 

X-Ray  Measurements  of  Wavelengths  and 
Absorption  Edges 

The  principles  of  precise  measurement  of  x-ray 
wavelengths  have  been  summarized  in  the  foregoing 
paper.13  Absorption  edge  wavelength  measurements 
require  the  same  techniques,  but  are  subject  to  addi- 
tional complications.  The  thickness14-16  of  the  absorber 
can  displace  the  observed  edge  and,  of  course,  the 
chemical  state  of  the  absorber  is  important.  However, 
in  spite  of  the  uncertainty  in  the  correction  for  fine- 
structure  effects  and  difficulties  of  precise  x-ray  meas- 
urements, a number  of  the  results  are  in  excellent 
agreement  with  the  photoelectron  values.  Thus  it 
appears  that  with  sufficient  care  the  x-ray  absorption 
measurements  could  be  made  competitive  with  the 
photoelectron  method. 

X-Ray  Photoelectron  Measurements 

The  precision  /3-ray  spectrograph  developed  by  Kai 
Siegbahn17  and  his  collaborators  at  Uppsala  provides 
an  instrument  of  high  accuracy  for  the  measurement 
of  photoelectron  energies.  The  precision  of  these  meas- 
urements is  approximately  one  hundred  times  that  of 
the  older  magnetic  spectrometer  values10;  for  some 
elements  they  are  an  order  of  magnitude  better  than 
existing  x-ray  ones. 


Fig.  2.  Schematic  of  the  use  of  a /3-ray  spectrometer  for  deter- 
mining energy  levels. 


15  E.  Sokolowski,  Arkiv  Fysik  15,  1 (1959). 

16  O.  Beckman,  B.  Axelsson,  and  P.  Bergvall,  Arkiv  Fysik  15, 
567  (1959). 

17  K.  Siegbahn,  Alpha  , Bela-,  and  Gamma-Ray  Spectroscopy, 
K.  Siegbahn,  Ed.  (North-Holland  Publ.  Co.,  Amsterdam,  1965), 
Chap.  III. 
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The  use  of  a /3-ray  spectrometer  for  determining 
energy  levels  is  shown  schematically  in  Fig.  2.  X rays 
strike  the  material  under  study  (the  converter)  and 
release  photoelectrons,  whose  kinetic  energy  is  measured 
by  the  spectrometer.  In  its  simplest  form  Einstein’s 
photoelectric  law  states  that  Epe—ho—  Eb,  where  Epe 
is  the  kinetic  energy  of  the  photoelectron,  hv  that  of 
the  incident^  photon,  and  EB  the  binding  energy  of 
the  electron. 

However,  the  measured  photoelectron  energy  is 
decreased  by  the  work  function  of  the  converter, 
</>.  Since  the  converter  and  the  slit  are  electrically 
connected,  their  Fermi  levels  are  identical.  Thus,  if  <j>s 
is  the  work  function  of  the  spectrometer  slit  system, 
there  is  an  increase  in  kinetic  energy,  <f>—  4>s,  due  to 
contact  potential.  With  these  corrections,  the  photo- 
electric equation  becomes 

Epe=  hv—  Eb— </>+  (</>— <£s)  — b.v—EB—<f>&. 

Hence  the  net  correction  involves  only  the  work 
function  of  the  slits  (oxidized  Cu)  and  is  independent 
of  the  work  function  of  the  converter. 

In  general,  intense  K lines  were  used  to  produce 
photoelectrons.  Each  x-ray  line  ejects  photoelectrons 
from  all  levels  whose  energies  are  less  than  hv—<t>  in 
absolute  value  (e.g.,  photons  energetic  enough  to 
remove  K electrons  also  eject  these  from  Li,  Lu,  Im, 
and  other  levels).  The  observed  /3-ray  spectrum  is 
composed  of  a number  of  lines  due  to  the  multiplicity 
in  both  the  primary  x-ray  wavelengths  and  the  energy 
levels  of  the  converter.  The  resolution  of  the  spectrom- 
eter was  sufficient  to  exclude  the  influence  of  the  a2 
lines  on  a\  measurements.11  Likewise  the  electrons 
undergoing  discrete  energy  losses  did  not  displace  the 
observed  spectra  to  lower  energies. 

Calculation  of  the  electron  energy  in  terms  of  the 
observed  current  in  the  magnetic  coils  of  the  spectrom- 
eter requires  an  involved  procedure  which  has  been 
discussed  in  several  papers  and  recently  reviewed,  in 
detail,  by  Kai  Siegbahn.17  This  treatise  should  be 
consulted  for  theory,  procedures,  and  resulting  ref- 
erence standards,  which  are  used  for  all  subsequent 
measurements. 

Hagstrom  and  Karlsson18  showed  that  the  method  is 
not  limited  to  conductors  or  even  semiconductors. 
They  found  that,  if  the  sample  under  study  was  in- 
sulated with  thin  mylar  from  the  aluminum  backing 
plate,  (which  was  electrically  connected  to  the  spec- 
trometer slit) , the  intense  ionization  due  to  the  direct 
x-ray  beam  kept  the  potential  of  the  insulating  sample 
constant.  Hence,  even  in  this  case,  the  observed  bind- 
ing energies  were  still  measured  with  respect  to  the 
zero  or  Fermi  energy.  Thus  insulating  compounds 
could  be  attached  in  thin  layers  directly  to  the  alumi- 
num backing  plate  and  their  level  energies  measured 
in  this  manner. 

18  S.  Hagstrom  and  S.-E.  Karlsson,  Arkiv  Fysik  26,  451  (1964) ; 
and  S.  Hagstrom,  Z.  Physik  178,  82  (1964). 


INPUT  DATA  USED  IN  EVALUATING  ENERGY 
LEVEL  VALUES 

A separate  least-squares  evaluation  was  carried  out 
on  each  element  for  which  an  overdetermlned  set  of 
data  was  available.  Wavelengths  and  probable  errors  of 
emission  lines  (all  expressed  in  eV  units)  are  taken 
from  the  previous  paper.13  If  photoelectron  measure- 
ments are  available  for  two  or  more  levels,  they  are 
included  in  the  least-squares  adjustment  for  that 
element.  If  only  a single  level  is  determined  by  the 
photoelectron  method,  this  establishes  one  energy 
level;  the  others  are  found  from  energy  differences 
obtained  by  a least-squares  adjustment  of  the  emission 
line  data. 

Wavelength  measurements13  of  critical  absorption 
edges  are  used  to  establish  the  absolute  scale  for  eight 
elements  for  which  no  photoelectron  measurements  are 
available.  In  a few  cases,  where  neither  photoelectron 
nor  x-ray  measurements  exist,  a Moseley  diagram  of  the 
final  output  values  of  adjacent  elements  is  used  to 
establish  one  level  of  the  element.  The  remaining 
levels  are  then  calculated  with  emission  lines  as  above. 
If  two  or  more  absorption  wavelengths  are  available 
for  an  element,  these  are  also  treated  by  the  least- 
squares  method. 

The  values  of  the  x-ray  photoelectron  measurements 
used  are  listed  in  brackets  in  Table  I,  together  with 
references  to  the  original  publications.  The  published 
values  have  been  adjusted  slightly  to  make  them 
consistent  with  the  new  x-ray  emission  wavelengths13 
and  more  recent  values  of  the  atomic  constants.19  In 
the  original  data  most  of  the  errors  are  2a-  values; 
these  have  been  changed  to  probable  errors  as  shown 
in  Table  I.  For  comparison,  all  the  more  accurately 
measured  x-ray  absorption  wavelengths  (converted  to 
eV  by  the  factor  12398.1  A*— eV)  are  listed  in  paren- 
theses in  Table  I.  The  x-ray  absorption  data  are  used 
for  establishing  the  absolute  energy  level  scale  in  only 
eight  elements;  the  other  listed  values  are  for  com- 
parison only. 

EVALUATION  OF  THE  ATOMIC  ENERGY  LEVELS 

Since  nearly  all  elements  involve  many  emission 
line  measurements  interconnecting  a lesser  number  of 
energy  levels,  an  overdetermined  set  of  equations 
results.  As  indicated  above,  a least-squares  adjustment 
provides  an  appropriate  way  of  solving  this  set  of 
equations  in  order  to  obtain  maximum  information 
from  the  available  data.  Justification  for  this  procedure 
and  derivations  of  the  equations  involved  have  been 
presented  in  many  sources.20-22  A clear  explanation  of 

19  E.  R.  Cohen  and  J.  W.  M.  DuMond,  Rev.  Mod.  Phys.  37, 
537  (1965). 

20  E.  Whittaker  and  G.  Robinson,  The  Calculus  of  Observations 
(New  York,  1944),  4th  ed.,  Chap.  9. 

21 1.  F.  Sokolnikoff  and  R.  M.  Radheffer,  Mathematics  of  Physics 
and  Modern  Engineering  (McGraw-Hill  Book  Co.,  Inc.,  New 
York,  1958),  Chap.  IX,  Sec.  11. 

22  E.  R.  Cohen,  Rev.  Mod.  Phys.  25,  709  (1953). 
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Table  I.  Recommended  values  of  the  atomic  energy  levels,  and  probable  errors  in  eV.  Where  available,  photoelectron  direct  measurements  are  listed  in  brackets  [ ] immediately 
under  the  recommended  values.  The  measured  values  of  the  x-ray  absorption  energies  (from  Ref.  13)  are  shown  in  parentheses  ( ).  Interpolated  values  are  enclosed  in 
angle  brackets  ( ). 
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Table  I ( Continued ) 
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1 C.  Nordling  and  S.  Hagstrdm,  Arkiv  Fysik  16,  51S  (1960).  u J.  M.  Hollander,  M.  D.  Holtz,  T.  Novakov,  and  R.  L.  Graham  ,Arkiv  Fysik  28,  375  (1965' 

j I.  Anderwon  and  S.  Hagstrdm,  Arkiv  Fysik  27,  161  (1964). 


the  procedure  followed  here  is  given  by  Bearden  and 
Thomsen.23 

Two  methods  are  used  to  check  the  consistency  of 
the  input  data  with  the  output  data.  The  first  is  the 
use  of  the  x2  test,  where 

x-EWAi)2,  (i) 

with  di  representing  the  difference  between  the  ith 
experimental  input  value  and  that  computed  from  the 
adjusted  energy  levels,  and  o-,-  representing  the  cor- 
responding standard  deviation.  It  is  well  known23  that, 
in  any  least-squares  adjustment  of  data  with  Gaussian 
error  distribution,  x2  can  be  expected  to  equal  the  num- 
ber of  degrees  of  freedom;  that  is,  the  difference  be- 
tween the  number  of  equations  and  the  number  of 
unknowns  which  the  system  possesses.  When  all  the 
data  for  all  elements  are  considered  as  a group,  the 
resultant  system  possesses  about  1300  degrees  of  free- 
dom and  a x2  of  approximately  3300. 

The  procedure  discussed  above  is  strictly  applicable 
only  when  the  errors  are  known  to  be  Gaussian.24 
A second  check  is  made  by  calculating  the  ratio,  r,  of 
the  residuals,  di,  to  the  value  to  be  expected  from 
consideration  of  the  input  errors.  This  ratio  can  be 
estimated  by  following  and  extending  the  arguments 
presented  by  Cohen  and  DuMond.25  Let  y stand  for  a 
particular  energy  level  difference  and  p stand  for  the 
corresponding  probable  error.  Let  a subscript  1 indicate 
the  experimental  input  value,  either  an  emission  line  or 
a photoelectric  measurement,  subscript  2 indicate  the 
least-squares  output  value,  and  subscript  3 indicate 
the  output  value  of  a least-squares  adjustment  made 
without  including  the  experimental  datum  yx.  The 
probable  error  of  the  difference  y\—  y<i  is  desired; 
however,  this  error  cannot  be  found  directly,  since  the 
fact  that  yi  was  included  in  the  set  of  data  which 
produced  y2  means  that  their  errors  are  correlated. 
However,  y2  can  also  be  obtained  by  an  appropriate 
average  of  y}  and  y3.  Since  y3  is  obtained  from  a set  of 
data  which  excludes  yh  they  are  independent,  and 
y2  and  p2  can  be  computed  by  simply  taking  a weighted 
average  of  yi  and  yz,  with  weights  inversely  proportional 
to  the  squares  of  the  probable  errors.  Hence  the  sum 
of  the  weights  is 

l/p22=l/pi2+l/pz2  (2) 

and 

yr=  pi2L(yi/pi2)  + (ys/ps2)  1-  (3) 

From  (2)  one  obtains 

P22=pl2p32/(pd+p22)  (4) 

and 

P22=P12P22/(P12-P&.  (5) 


23  J.  A.  Bearden  and  J.  S.  Thomsen,  Nuovo  Cimento  5,  267 
(1957). 

24  J.  S.  Thomsen,  Bull.  Am.  Phys.  Soc.  10,  547  (1965). 

“ E.  R.  Cohen  and  J.  W.  M.  DuMond,  Proc.  of  International 
Conference  on  Nuclidic  Masses  1963,  W.  H.  Johnson,  Jr.,  Ed. 
( Springer- Verlag,  Wien,  1964). 


Since  yi  and  y3  are  independent,  the  probable  error 
squared  of  the  difference  y\—y3  can  be  written  down 
immediately  as  pd+pz2,  but  the  probable  error  squared 
of  the  difference  yi—yz  must  be  computed  by  first 
expressing  yi— y2  in  terms  of  yi  and  y3.  Bv  using  (3) 
and  (4)  to  express  y2  we  obtain 

yi-y2=  W/{pi2+p32)^\(yi-yz)  • (6) 

hence  pi22,  the  probable  error  squared  of  yj  — y2,  is 

P122=IP12/(P12+P22)J(P12+P*2)-  (7) 

Substituting  (5)  into  (7)  to  eliminate  pz2  gives  the 
desired  probable  error  in  the  form 

pn=(pi2-p22)h-  (8) 

Thus  the  desired  ratio  r between  the  actual  difference 
and  its  statistically  expected  value  is  given  by 

r=  ( y ! y2)  / (pi2-pi2)h.  (9) 

A study  of  r as  calculated  for  each  input  datum  reveals 
the  extent  to  which  each  datum  fitted  in  with  the  data 
as  a whole.  If  the  input  errors  are  chosen  properly,  then 
according  to  the  definition  of  probable  error,  fifty 
percent  of  the  ratios  should  be  less  than  one.  For  all 
the  elements  as  a group,  the  actual  percentage  of  error 
ratios  less  than  one  is  just  50;  the  extremely  close 
agreement  is  doubtless  partly  fortuitous. 

. The  conclusion  from  this  percentage  is  that  the  errors 
assigned  to  the  input  data,  including  the  data  from  the 
previous  article,  are  substantially  correct.  On  the 
other  hand,  from  the  fact  that  x2  exceeded  the  degrees 
of  freedom,  it  would  appear  that  there  are  a greater 
number  of  large  deviations  than  would  be  expected 
from  a Gaussian  error  distribution.  The  likelihood  of 
this  had  been  emphasized  by  the  authors. 

Not  only  are  half  the  error  ratios  less  than  one  for  the 
whole  mass  of  the  data,  but  the  figure  for  each  element 
individually  is  usually  close  to  50%;  hence  output 
errors  as  calculated  directly  by  the  computer  (on  the 
basis  of  internal  consistency)  are  used.  In  a few  cases 
(32  Ge,  33  As,  34  Se,  and  80  Hg)  the  percentages  are 
unusually  low;  in  order  to  avoid  understating  any 
errors,  all  errors  for  these  elements  are  reported  on  the 
basis  of  external  consistency. 

The  comparison  of  the  residuals  (differences  between 
the  input  values  and  the  corresponding  values  as 
calculated  on  the  basis  of  the  adjusted  energy  levels) 
with  the  statistically  expected  differences  proved  very 
useful  in  other  ways.  When  this  error  ratio  is  very 
large,  a renewed  investigation  of  that  input  often 
revealed  a misprint,  misidentification,  or  other  mistake. 
However,  in  some  cases  this  ratio  is  uncomfortably 
large,  and  no  specific  reason  can  be  found  for  rejecting 
that  input  item.  Those  items  which  have  an  error 
ratio  greater  than  5.0  are  rejected.12 

There  appears  to  be  no  significant  pattern  in  these 
rejected  input  data.  Almost  as  many  have  negative 
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error  ratios  as  positive  ones;  no  level  or  pair  of  levels 
predominates  in  the  list.  The  rejected  data  are  distri- 
buted among  the  K,  L,  and  M,  and  photoelectron 
categories  roughly  in  proportion  to  the  amount  of 
input  data  in  each  category.  As  one  progresses  up  the 
periodic  table,  it  seems  that  the  initial  measurement 
of  various  lines  is  often  accompanied  by  high  errors. 
This  is  not  surprising,  since  these  lines  are  weak  and 
sometimes  diffuse,  making  their  identification  and 
detection  unusually  difficult  and  subject  to  errors 
which  are  easy  to  underestimate. 

It  is  interesting  to  note  that  no  Kai}  Ka2,  nor  any 
of  the  best  measured  L lines  appear  in  the  rejected 
group,  despite  the  fact  that  they  had  been  assigned 
the  lowest  errors.  Furthermore,  in  no  case  did  the  error 
ratio  for  these  lines  become  suspiciously  large.  A few 
difficulties,  particularly  with  the  value  of  the  L\  level 
in  the  light  elements,  did  appear,  and  are  discussed 
further  in  the  detailed  energy  level  report.12 

ENERGY  LEVEL  TABLE 

The  adjusted  values  for  the  various  energy  levels, 
together  with  the  respective  probable  errors,  are  listed 
in  Table  I.  These  errors  are  primarily  due  to  three 
causes:  (1)  those  due  to  the  photoelectron  measure- 
ments, which  may  be  subdivided  into  two  parts: 
(a)  random  variations  introduced  by  counting  statistics 
which  affects  even  the  spacing  between  levels  of  a 
single  element,  and  (b)  systematic  errors  in  the  main 
calibration  line  (usually  common  to  a group  of  ele- 
ments) and  the  spectrometer  slit  work  function,  which 
affect  the  absolute  accuracy  relative  to  the  Fermi  level 
energy  and  amount  to  approximately  0.3  eV  for  all 
elements;  (2)  the  probable  errors  in  the  x-ray  emission 
wavelengths  relative  to  the  W Ka\  standard  and  that 
of  the  primary  standard  to  the  absolute  angstrom 
scale  (5  parts  per  million) ; (3)  the  probable  error  in 
the  wavelength  to  energy  (FX=  12398.10±0.13  eV— 
A*)  conversion  factor. 

Recently26  photoelectron  measurements  of  the  L\ 
energy  in  the  elements  sodium  (Z=ll)  to  copper 
(Z=29)  have  been  reported.  The  values  from  sodium 
(Z=  11)  to  vanadium  (Z=  23)  have  been  used  to 
replace  the  interpolated  values  shown  in  our  previous 
report.12  The  remaining  new  values  have  been  used 
with  the  older  A-level  values  to  redetermine  new 
level  energies  for  the  elements  vanadium  (Z=23)  to 
copper  (Z=29).  The  iC-level  energies  of  the  elements 
from  sodium  to  chromium  were  also  redetermined. 
Agreement  with  previous  values18  to  within  0.5  eV  was 
obtained  for  all  elements  except  titanium.  The  new 
value  for  titanium  is  1.2  eV  higher  than  that  of  the 
earlier  work,  and  while  no  explanation  of  the  dis- 
crepancy is  available,  this  new  value  has  been  sub- 
stituted for  the  older  value.  This  indicates  a need  for 


further  redeterminations  of  all  the  older  values  as  a 
check  on  the  estimated  accuracies  and  on  unsuspected 
experimental  variations. 

For  some  elements  the  K level  alone  has  been  used 
to  determine  the  absolute  values.  In  these  cases  when 
new  photoelectron  measurements  are  available,  all 
the  remaining  levels  can  be  adjusted  by  the  difference 
in  the  new  and  old  values  for  each  element.  However, 
three  or  more  level  energies  have  been  measured  for  the 
heavier  elements  (sixteen  for  thorium)  and  when 
new  measurements  are  available  for  these,  a new 
least-squares  readjustment  will  be  necessary  to  obtain 
corrected  energy  level  values  for  an  element. 

Some  energy  levels  were  obtained  by  interpolation 
or  calculation.  The  interpolation  was  performed  by 
passing  a fourth  order  polynomial  through  the  nearest 
fifteen  energy  values.  The  level  for  atomic  numbers 
96  and  98  through  103  were  obtained  from  a relativistic 
self-consistent  Slater-Dirac  energy  level  calculation.27 
The  results  of  an  extrapolation  vary  greatly  with  the 
order  of  the  polynomial  used,  and  therefore  should  be 
considered  rough  values  only. 

The  best  of  the  x-ray  absorption  edge  measurements, 
listed  in  parentheses  ( ),  are  generally  in  good  agree- 
ment with  the  photoelectron  values.  From  these  it 
would  appear  that  the  x-ray  measurements  have  been 
made  relative  to  the  Fermi  energy  level  with  higher 
accuracy  than  previously  estimated.  New  x-ray  meas- 
urements with  modern  techniques  should  certainly  be 
competitive  with  the  photoelectron  measurements. 

ERROR  CORRELATION  AND  ENERGY 
DIFFERENCES 

The  errors  shown  in  Table  I are  not  statistically 
independent  and  hence  can  not  be  combined  without 
some  knowledge  of  the  correlation  coefficients.  For 
example,  consider  the  Ln-Lm  energy  difference  of 
chromium.  As  in  the  case  of  other  lighter  elements, 
the  K level  energy  was  determined  by  the  photo- 
electron method.  The  error  involved  in  this  measure- 
ment, item  (1)  in  the  first  paragraph  of  the  preceding 
section,  is  considerably  greater  than  that  in  the  emis- 
sion line  wavelengths,  item  (2) ; consequently  all 
stated  errors  are  strongly  correlated  through  this 
common  source.  Thus,  since  in  Table  I the  value  of  the 
Ln  level  is  (583.7±0.3)  eV,  and  that  for  the  Lm 
level  is  (574.5±0.3)  eV,  one  might  erroneously  con- 
clude that  the  difference  is  (9.2±0.4)  eV,  which  would 
be  true  only  if  the  major  errors  were  uncorrelated. 
However,  the  wavelengths  of  chromium  Kai  and 
Ka2  emission  lines  which  connect  the  Lm  and  Ln 
levels  to  the  K level  are  known  with  probable  errors  of 
ten  and  one  parts  per  million  respectively;  hence 
most  of  the  errors  in  both  the  Lu  and  Lm  levels  come 
from  the  errors  in  the  absolute  value  of  the  K level. 


24  R.  Nordberg,  K.  Hamrin,  A.  Fahlman,  C.  Nordling,  and 
K.  Siegbahn,  Z.  Physik  192,  462  (1966). 
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Table  II.  Examples  of  energy  level  differences  and  corresponding  probable  errors  for  the  case  of  24  chromium.  Entries  above 
the  principal  diagonal  represent  differences  while  those  below  give  corresponding  probable  errors. 


Energy  level  differences 

in  electron  volts 

24  Cr 

K 

LI 

L2 

Li 

Ml 

M2i 

3/45 

K 

5292.77 

5405.51 

5414.72 

5915.09 

5946.71 

5986.93 

Li 

0.70 

112.74 

121.95 

622.31 

653.93 

694.16 

L2 

0.05 

0.69 

9.21 

509.58 

541.20 

581.42 

Li 

0.07 

0.70 

0.05 

500.36 

531.98 

572.21 

Ml 

0.21 

0.72 

0.20 

0.19 

31.62 

71.85 

M23 

0.08 

0.69 

0.06 

0.07 

0.21 

40.23 

3/45 

0.18 

0.71 

0.17 

0.17 

0.26 

0.18 

24  Cr 

Energy  level  difference  errors  in  electron  volts 

24  Cr 

Energy  level  differences 

in  Rydberg  units 

K 

LI 

L2 

Li 

Ml 

M2i 

3/45 

K 

389.022 

397.308 

397.985 

434.762 

437.086 

440.043 

LI 

131 

8.286 

8.963 

45.740 

48.064 

51.021 

L2 

5.1 

6152 

0.677 

37.454 

39.778 

42.735 

Li 

10 

5700 

5179 

36.777 

39.101 

42.058 

Ml 

33 

1158 

387 

385 

2.324 

5.281 

M2i 

10 

1057 

106 

139 

6497 

2.957 

3/45 

28 

1028 

289 

304 

3603 

4403 

24  Cr 

Energy  level  difference  errors  in 

ppm  Rydberg  units 

24  Cr 

Energy  level  differences  in 

wavelength  (mA*) 

K 

LI 

L2 

Li 

Ml 

M2i 

3/45 

K 

2342.459 

2293.606 

2289.703 

2096.01 

2084.86 

2070.86 

LI 

131 

109975 

101666 

19922 

18959 

17860 

L2 

1.3 

6152 

1345646 

24330 

22908 

21323 

Li 

8.7 

5700 

5179 

24778 

23305 

21667 

Ml 

33 

1158 

387 

385 

392094 

172564 

M2i 

9.6 

1057 

106 

139 

6497 

308210 

3/45 

28 

1028 

289 

304 

3603 

4403 

24  Cr 

Energy  level  difference  errors  in  ppm  A* 

Indeed  the  correlation  coefficient  between  these  two 
levels  is  almost  unity.  When  this  is  taken  into  account, 
the  value  of  the  above  difference  becomes  (9.21±0.05) 
eV. 

Thus  energy  level  differences  and  corresponding 
errors  can  not  in  general  be  accurately  obtained  from 
the  data  in  Table  I alone.  For  this  reason  the  original 
report  included  three  tables  of  energy  level  differences, 
in  units  of  electron-volts,  Rydbergs,  and  equivalent 
wavelength  in  milli  A*  (abbreviated  mA*).  Table  II 
shows  examples  of  each,  presented  in  matrix  form,  for 
the  specific  case  of  chromium  (Z=24). 


For  example,  the  LuLm  difference  which  was 
discussed  above  is  found  in  the  first  matrix  at  the 
intersection  of  the  L2  row  and  the  L3  column,  above 
the  principal  diagonal,  and  is  9.21  eV.  The  correspond 
ing  element  in  the  lower  half  of  the  matrix  gives  the 
probable  error  (calculated  with  proper  consideration 
of  error  correlation) , viz.  0.05  eV.  The  last  two  matrices 
are  similar  in  form,  but  errors  are  given  in  parts  per 
million  rather  than  absolute  units. 

It  will  be  noted  that  the  equivalent  wavelength 
values  in  the  mA*  units  carry  the  smallest  probable 
errors.  Since  all  the  x-ray  emission  line  input  data  used 
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in  this  report  were  given  in  A*,  values  on  this  scale 
involve  little  or  no  error  due  to  conversion  factor 
uncertainties.  These  energy  level  differences  represent 
possible  x-ray  emission  lines;  therefore  this  table  should 
be  of  value  to  investigators  looking  for  new  lines  or 
seeking  possible  identification  of  observed  lines.  One 
should  note,  however,  that  all  possible  differences  are 
listed,  no  matter  how  the  transition  may  be  forbidden 
by  selection  rules.  The  values  in  this  table  will  differ 
slightly  from  the  corresponding  entries  in  the  pre- 
ceding article,12  because  the  latter  values  are  a weighted 
mean  of  the  actual  observations  on  a given  line,  while 
the  former  represent  values  based  on  all  the  available 
information  for  the  given  element.  Usually  any  dif- 
ference is  within  the  experimental  error;  in  the  few 
cases  where  a definite  disagreement  arose,  the  value 


based  on  direct  observation  was  discarded  in  this 
work. 
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